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ami i >;i? t ■ ■ r i ■ \y In ii, hoNVf\.-i\ it is -lii’ii to o. K . ra te 
i 1 1 1 1 f- 1 n ■ i ► • n l ly ol tin elci trir coimI uctor, these xi li 
Jtries are necessary, anti one set mas supply an emus 
train. It will In seen that the locomotive is als Q p r& 
vicietl with transformers, another auxiliary whj c p jj 
unnecessary in ease the motors are designed f or 
voltage transmitted over the working conduet(, r - hut 
in this ease transformers were used because the manv . 
facturer of the motors conk! not he induced at th e p rae 
they were purchased to build a high-tension moto.,- to T 


ALEXANDER FUELESS CAR 


railway work < unsi-qui-nt ly the parts ol a stanu arc 
motor were utili/.eil. and a pressure of Jot) voi’ti 
adopted for the motors, as this was the most 
economical voltage that could he used with the par- 
ticular parts selected This locomotive was provided 
with all necessary testing instruments, and had been 
operated in the barns for some time and found to per- 
form ail its functions successfully, and would have 
been placed on the road, and experiments with it would 
now he in process had it not been destroyed. 


In a matter of 45 days Robert Alexander and his partner with 
a budget of $500.00 developed a car that virtually confounded the 
experts. A very small engine provided the power. The engine was 
actually recharged once it was moving, by a hydraulic and air sys- 
tem. This actually took care of the small electric drain. 


Determined that the auto industry would not burry their in- 
vention, according to the Monelliello, CA. inventors last reports, 
but what happened to U.S. PAT. #3913004??? 

United States Patent mi 3,913,004 

Alexander [45] Oct. 14. 1975 


[54] METHOD AND APPARATUS FOR 

INCREASING ELECTRICAL POWER 

[75] Inventor Robert W. Alexander, Pasadena. 
Calif 

[73] Assignee: Alex, Pasadena. Calif. 

[22] Filed: Nov. 18, 1974 

[21] Appl No : 524,556 

[52] U.S. Cl 321/28:321/50 

[51] Int. a. 2 H02M 7/64 

[58] Field of Search 310/113, 165; 321/28, 29. 

321/30, 31, 48, 49. 50 
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Primary ELxaminer — William M. Shoop 
[57] ABSTRACT 

A form of rotating machine arranged in such a way as 
to convert a substantially constant input voltage into a 
substantially constant output voltage, involving gener- 
ally a rotor that revolves at substantially constant 
speed within a stator and which comprises a trans- 
former core subjected to and having a primary motor- 
transformer winding and a secondary transformer- 
generator winding; whereby transformed and gener- 
ated power are synchronously combined as increased 
output power. 

27 Claims, 3 Drawing Figures 
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(anuarv 5 , 1904 . 


748 , 660 . COMPRESSED- AIR MOTOR. Edwaad W Sceloekcl 
Milwaukee, Wia Filed Mat 30, 190L Serial Ho. 53,662. (Ho model ) 



AUGUST 14, 1906. 


• 'hum — A motor conipn'ing tw •• mu:.. ^mn r-, j » ; ■> r f , 1 1 ^ there- 
in. each mutor-cvlimier having two parallel, longitudinal pasaa lee- 
ways opening into the cylinder on each dde of the piston, rotarv 
valves in said passage-wav? adjacent each end thereof ri compressor- 
cylinder of less diameter than the motor-cyiinders and arranged be- 
tween them, a reservoir-tank, a piston in the compressor-cylinder, 
pipes leading from each end of the compressor-cylinder to the tank, 
and thence discharging into one of the longitudinal passages of each 
motor-cylinder, an exhaust-pipe leading from the other passage, a 
cranked shaft, piston-rods connected at one end to the pistons, and 
at their opposite ends to the shaft, two eccentrics arranged on the 
shaft adjacent each motor-cylinder, eccentnc-rods extending paral- 
lel with each motor-cylinder, oppositely-arranged vaive-«tema, con- 
nected at one end to the valves in one of the passages and at their 
opposite ends to one of said valve-rods means for initially compress- 
ing the air in the tank and means for heating the motor-cylinders. 


SITS. 295. COMPRESSED-AIR MOTOR. Ivan W. Am m-n, 
St. Petersburg, Russia. Filed Sept. 2-4, 1908. Serial 
No. 174.-411. 



Claim . — 1. The combination in a motor operated by im- 
pressed and heated air of three cylinders in which the 
compressed and heated air expands successively, of a 
crank-shaft, driven through connecting-rods by the piston- 
rods of the driving-pistons, two air-compressors, opera -ed 
by means of connectiDg-rods by the said main shaft, he 
axial line of each of these compressors making a suit., de 
angle with the working axial line of the cross-head opiat- 
ing the pistons of the corresponding compressor by m< ns 
of a conDecting-rod. the length of this connecting rod. 'he 
stroke of the compressor-piston and that of the cross- i -nd 
being equal, as described and shown. 

2. The combination in a compressed and heated air no- 
tor with three motor-cylinders, of a crank-shaft and wo 
air-compressors, of pipes leading the compressed air t.» an 
air-heating apparatus, a pipe leading the heated and 'im- 
pressed air to the distributer of the smallest of the three 
motor-cylinders; a pipe leading the expanded air from the 
largest of the three motor-cylinders to a chamber and a 
pipe leading air from this chamber to the aforesaid < "in- 
pressors, us described and as shown. 


July 9 , 1907 


859.235. AUTOMOBILE. Walter W. Macfarben, Pitts- 
burg. Pa., assignor to William H. Donner, Pittsburg, Pa. 
Filed June 18, 1906. Serial No. 322,207. 



1. In a motor vehicle, the combination of a prime motor, 
an air compressor, the motor being adapted to drive the 
compressor, an air motor adapted to propel the vehicle, 
means for supplying the compressed air to said motor, and 
connections between the exhaust port of the air motor and 
the intake port of the compressor. 

2. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said motor, a 
reservoir adapted to receive the compressed air from said 
compressor, an air motor adapted to receive its air from 
said reservoir and to drive the vehicle, and means for con- 
necting the exhaust port of the air motor with the intake 
port of the compressor. 
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3. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said motor, a 
reservoir adapted to receive its compressed air from said 
compressor, an air motor adapted to receive Its air from 
said reservoir aDd to drive the vehicle, a closed passage 
leading from the exhaust port of the air motor to the in. 
take port of the compressor, and a non-return valve open- 
ing from the outer air to said passage. 

4. In a motor vehicle, the combination of a prime motor, 
an a Jr compressor adapted to be driven by said motor, a 
reservoir adapted to receive Its compressed air from said 
compressor, an air motor adapted to receive its air from 
said reservoir and to drive the vehicle, a closed passage 
leading from the exhaust port of the air motor to the in 
take port of the compressor and a valve adapted to open 
said passage to the outer air at a predetermined pressure 
in said passage. 

5. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said motor, an 
air reservoir adapted to receive its air from Baid com 
pressor, and an independent motor on each of a plurality 
of wheels of said vehicle adapted to drive the same, the air 
motors being adapted to receive their air from said reser- 
voir. 

6. In a motor vehicle having four driving wheels, the 
combination of a prime motor on said vehicle, an inde- 
pendent secondary motor for each of said driving wheels 
mounted on the axles adapted to drive said wheels. aDd 
means for conveying the power from Baid primary motor to 
said secondary motor. 

7. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said prime mo- 
tor, an air reservoir on said vehicle, an air motor adapted 
to propel the vehicle and to receive its air from said reser- 
voir. and means for connecting said reservoir with the 
cylinder of said gas engine to start said engine. 

8. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said prime mo- 
tor, triangular shaped double cylinder motors cl the 
axles, connections between said motors and the com- 
pressor, and connections between said motors and the 
wheels. 

9. In a motor vehicle, the combination of a prime motor, 
an air compressor adapted to be driven by said motor, an 
air reservoir on said vehicle, an independent air motor on 
each of the wheels of said vehicle adapted to receive their 
air from said reservoir, a controlling valve suited to con- 
trol all said motors, and suitable pipes connecting said 
reservoir and air motors. 

10. In a motor vehicle, the combination of a pivoted 
wheel, a motor mounted on the axle of said wheel so as to 
turn therewith about its pivot, a prime motor on the ve- 
hicle, and means for conveying the power from said prim* 
motor to the motor upon the axle. 

11. In a motor vehicle provided with two or mort 
wheels having their axles pivoted to said vehicle, a driv- 
ing motor upon each of said axles, a prime motor upon tbs 
vehicle, and means for conveying the power of said prim# 
motor to the motors upon said axle. 

12. In a motor vehicle having two or more drivlof 
wheels, the combination of a prime motor on said vehicle 
an air compressor on said vehicle adapted to be actuatal 
by said prime motor, and an independent secondary 
motor upon the axles for each of said driving wbe«* 
adapted to drive the same, and means for convey 
compressed air from said compressor to said seconds^ 
motor. 

13. In a motor vehicle, the combination of a P- T °^S 
wheel, a compressed air motor mounted on the axle of 
wheel so as to turn therewith about its pivot, a 
motor on tbe vehicle, an air compressor on said veWIJ 
adapted to be operated by said prime motor, aDd 

for conveying the compressed air from said. prime 


to tbe motor upon the axle. 

14. In a motor vehicle provided with four wheels 
their axles pivoted to said vehicle, a compressed air fl 
ing motor upon each of Baid axles, a prime motor upo® 
vehicle, an air compressor upon said vehicle adapted II 
operated by said prime motor, and means for conveylot 


compressed air from said compressor to the motors upon 
^id axle. 

15. In a motor vehicle, the combination of a pivoted 
wheel, a compressed air motor mounted on the axle of said 


wheel so as to turn therewith about its pivot, a prime 
motor upon the vehicle, an air compressor on said vehicle 


adapted to be operated by said prime motor, a flexible con- 
veying pipe communicating with the intake of the com- 
pressed air motor and with the discharge port of said com- 
pressor. 

Id. Id a motor vehicle, a prime motor, an air com- 
pressor driven by aaid prime motor, one or more air 
motors adapted to drive the wheels, and a subdivided res- 
ervoir intermediate said air motors and said compressor 
jo arranged that a small portion of the same only may be 
In connection with the air motors and compressor. 

17. In a motor vehicle, a prime motor, an air com- 
pressor driven by aaid prime motor, one or more air 
motors adapted to drive the wheelB, a subdivided reservoir 
Intermediate Baid air motors and said compressor, and a 
valve controlling the connection between the subdivisions 
of said reservoir. 

IS. In a motor vehicle, the combination of an axle, a 
stub-shaft, a wheel mounted on said stub-shaft, a motor 
supported by Baid Btnb-ahaft, said motor comprising two 
cylinders arranged obliquely to each other, connecting 
rods, a crank-disk, connections between said crank disk 
and said wheel, and means for driving said motor. 


October 15, 1907. 


S68.441. COMPRESSED-AIR MOTOR. CHARLES D. Jen- 
kins. Boston, Mass. Filed Mav d. l&uT, Serial No 

372,117. 

1. Tbe combination with a source of air under pressure, 
of an air engine comprising a cylinder and a piston recip- 
rocating in said cylinder and cooperating therewith to 
form a substantially small chamber when the piston is at 
the end of its stroke in one direction, mean? to admit com- 
pressed air into said chamber, an electric conductor lo- 
cated in said chamber when the piston is at the end of the 
stroke on which said chamber is formed ami capable of be- 
ing highly heated, an electric circuit in which said con- 
ductor is included when the piston Is st the end of its 
chamber-forming stroke, and a circuit coni roller for said 
circuit operated to close the same and highly heat the con- 
ductor when the piston is at 1 ■ r neat- the end of its cham- 
ber-forming stroke to thereby expand the compresed-air 
and propel the piston, substantially as described. 

2. The combination with a cylinder and a piston recip- 

rocating therein to form a substantially small chamber 
when tbe piston is at the end 1 ; ; direction 

an electric conductor movable with said piston, an electric 
circuit having terminals extended within said cylinder 
and cooperating with said electric conductor to include 
the latter in a closed circuit and thereby highly heat the 



conductor when the piston is at the end of its stroke in 
one direction, substantially as described. 
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Plymouth 
retro-f it ted 
with Stanley 
Steamer engine 
used as air 
motor 

Air storage tanks 
are shown at 
the rear 


Under side of 
Plymouth showing 
original engine at 
right as prime 
mover, and the 
Stanley Steamer 
engine at left 
used as air motor 
to drive the 
vehicle 


Mbre detail of 
the under side 
of 1952 Plymouth 
showing the 
Stanley mechanism 
at left used as 
air motor, and 
showing the 
compressor in 
the center 
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Air Compression Moves Auto 

Burfs Kit Converts Auto 


Dr. Robert Burt of San 
Marino has an idea which could 
revolutionize the auto in- 
dustry— a kit, installed in any 
auto, that would transform the 
engine from a gas-eater to an 
air-user Burt says it’s a matter 
of '‘changing a car's appetite.” 

Actually this isn't just an 
iaea. It's an invention he 
perfected in 1932 and he has up- 
dated it and plans to utilize this 
"Burt Retrofit Kit” in his 1966 
Cadillac. Originally he called 
his invention the ‘Burt Air 
Drive.” 

"There is more energy in one 
gallon of gasoline than in 20 
pounds of dynamite.” says 
Burt. That energy only moves a 
Cadillac 10 miles proving that 
gasoline is a “very inefficient 
energy.” 

Simplified. Burt says his idea 
uses the steam engine techni- 
que but makes use of compress- 
ed air instead of steam. 

How does it work’ Burt says 
it’s really very simple. 

Its principle is the same as a 
locomotive except that the 
“works” are underneath the 
auto. He adds that the motor 
runs by taking air out of the 
storage area (containing about 
250 pounds i and pumps it up to 
three times that pressure. 

The engine-compressor unit 
replaces the boiler and fire box 
of the steam car, and the 
clutch, gearbox and propeller 
shaft of conventional cars 

Burt says the engine is more 
efficient because "it is like hav- 
ing a 10-speed overdrive. The 
engine is never used to slow or 
stop the car; the air motors are 
reversed and energy is saved 
What cannot be stored is by- 
passed through a safety valve 
and passed through the 
radiator 

“The air, after compression, 
is used to cool the engine 


cylinders and is also super- 
heated in the exhaust system, 
therefore recovering much 
power from wasted heat ." 

The kit Burt proposes for 
general marketing includes a 
smail standard four-cylinder 
engine which is really the 
prime mover and an air com- 
pressor attached to that engine. 
The air flows into a high 
pressure tank resembling a 
scuba bottle for storage of 
energy, and an air valve per- 
forms like a throttle control- 
ling the air from the storage 
tank to the motor. The fire wall 
is directly connected to the 
drive shaft. Simply open the 
throttle and air drives the 
motor that moves the car. he 
says 

It will work easily in any auto 
because various kits will be 
designed to fit and bolt onto the 
existing auto frame, i.e., a cer- 
tain numbered kit will fit un- 
iformly all autos of a certain 
size There will be kits to fit 
onto all autos, he says. 

The reason why Burt knows 
his idea is usable is because in 
1932 he converted a Plymouth 
and it ran. Then his idea echoed 
back to him in 1973 when gas 
lines started forming. 

Burt says, “If we could cut 
gasoline consumption by 75%. 
we would also cut the pollution 
by that percentage. 1 think we 
can cut it (consumption) by 
95%. " 

In Dr Burt’s words. “The 
auto is the most sophisticated 
and useful form of trans- 
portation the world has ever 
known " 

But Burt doesn’t reserve his 
talents to improving only the 
auto He is the inventor of the 
photo-electric cell which he 
describes as "the radio tube 
that receives light and controls 
electric current by the action of 
light He also has a patent on 

Burt Energy Research Corp. 

A Non-profit Foundation 
544 Bonita Are. 

San Marino, CA 91108 



Dr. Robert Burt 


the first cathode ray oscillo- 
scope and the bone-conduction 
hearing aid later taken over by 
commercial organizations. 
Another of his developments 
was the Beitone talking picture 
theater equipment. While serv- 
ing at Lockheed he a won a $100 
war bond for the best produc- 
tion short-cut invention of the 
month— anti-glare welders’ 
goggles which he designed in 
collaboration with the Corning 
Glass Works. 

Burt has always been a 
natural when it comes to inven- 
tions At the age of 10 he had 
already started a business as 
’’doorbell doctor" in his home 
town. Battle Creek. Michigan 
He often ended up fixing other 
electric gadgets in the homes 
he visitad and soon invented a 
glider which had everything 
present-day models have ex- 
cept towing devices to get it 
into the air. 

After graduating from 
Cornell University in 1921, he 
continued his studies and 
received his Ph.D in physics 
from Caltech. Failing to get 
into WW I because of an injury 
due to an auto accident, he did 
research work for General 
Electric and Western Electric, 
before getting his degree at 
Caltech 

Let’s hope that in about 18 
months— Burt's prediction for 
manufacture of the auto kit- 
ail of us will be able to buy the 
Burt Retrofit Kit and trans- 
form all our cars into air-users 
instead of gas-guzzlers. 
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2 Claims. (O. 60—14) 


This Invention relates to apparatus for the 
transmission and control of mechanical energy, 
force, power, or effect, from a source to any de- 
sired point. 

5 This invention has for its object the economical 
trans mis sion of mechanical power, with great 
flexibility of power and speed and fine control. 

This transmission of power is accomplished 
through the medium of an elastic gas, vapor, or 
lo fluid. 

In the following disclosure and claims the term 
“fluid” is used broadly to denote gas, vapor, air, 
or compressible liquid, or other material of like 
characteristics. 

15 A compressor or pump is attached to the source 
of power and this compressor takes the fluid at 
a pressure Pi and compresses it to a higher pres- 
sure Pa, thus doing mechanical work on the fluid 
and storing in the fluid the energy of compression. 
20 Another mechanism, known as a motor, takes this 
fluid and expands it back from pressure Pa to 
Pi, thus extracting the power stored in the fluid 
during compression. 

For many uses of this transmission it is desir- 
25 able to use compressed air for the working sub- 
stance or elastic fluid, and in many places in this 
disclosure I shall refer to the elastic fluid as the 
air, but I do not limit my invention to a trans- 
mission using air. In fact, under certain condi- 
30 tions, other vapors appear to be more desirable. 

Referring to the drawings: Fig. 1 is a sectional 
view of an air compressor: Fig. 2 is a pressure 
volume diagram of an air compressor: Fig. 3 is 
a graph showing the variation in work done by an 
35 air compressor when the initial volume and final 
pressure are held constant and the Initial pres- 
sure is varied: Fig. 4 Illustrates one specific appli- 
cation of this transmission to a motor car; Fig. 5 
is a diagram of the high pressure control system: 
40 Hg. 6 is a diagram of the low pressure control 
system: Fig. 7 is a horizontal longitudinal sec- 
tional view of the air motor. 

In Fig. 1 is diagrammed an ordinary air com- 
pressor, having a crank shaft I, a crank 2, con- 
45 necting rod 3 , piston «, which moves up and down 
with the rotation of the crank-shaft inside of the 
cylinder 5 which the piston tightly fits. On the 
down stroke of the piston air is drawn ito the 
cylinder through the intake 6 and inlet valve 8 
50 and is compressed on the up stroke of the piston, 


being forced out of the coihpressor through check 
valve 9 and exhaust outlet T. The amount of 
compression depends upon the intake pressure 
Pi and the pressure into which the exhaust is 
discharging or Pa. f 

It is well known to engineers that the work 
performed by the piston on the gas in this oper- 
ation is equal to the integral of the pressure 
multiplied by elemental changes in volume taken 
around the cycle. 10 

To illustrate: — assume we have a cylinder of 
100 cubic inches capacity, that it is filled with 
air at 15/lbs. per sq. inch and that no air can 
escape until we have compressed this air to a 
pressure of 750 lbs. per sq. inch. Curve 10 of 15 
Fig. 2 shows how the pressure within this cylin- 
der increases as the volume is decreased until 
750 lbs. per sq. inch pressure is reached and then 
the air is exhausted. The statement in the pre- 
ceding paragraph simply states that the work 20 
done by the cylinder on the air is proportional to 
the area to the left and below the curve (0 and 
above the horizontal line of 15 lbs. per sq. inch 
and to the right of the vertical line representing 
zero volume. 25 

In the formulae employed to explain my in- 
vention, the following characters appear and have 
the meanings here set forth: 

Pi=pressure of fluid prior to compression. 

Pa— pressure of fluid after compression. 30 

P or p=pressure of a fluid, generally. 

V or »=volume of a fluid, generally. 

T— temperature of. a fluid, generally. 

K=gas constant of a fluid, generally. 

Cp=speciflc heat of a fluid at constant pres- 3B 


sure. 

Cv=speclflc heat of a fluid at constant volume. 
W=work of compression of a fluid. 
e=the logarithmic exponent =2.718. 


K 1 — a constant related to K. 

Vi=volume of fluid prior to compression. 
7 =Cp divided by Cv. 

If the compression has been performed iso- 
thermally or at constant temperature, the equa- 
tion of the curve is given by Equation 1, as 


follows: 


PV=KT 


(1) 


40 


45 


If the compression has taken place adiabatically 
or without loss of any heat by the a.r, then the / 
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equation is that given by Equation 2, as follows: 
PV =Constant (2) 

Curve II, Pig. 2 represents the same equation 
5 (No. 1 above) as curve 10, except that the initial 
pressure Pi is higher and the work done is repre- 
sented by area bounded by the lines Pi =250 lbs. 
per sq, inch; o=zero; Pj=750 lbs. per sq. inch; 
and the curve 1 1 . Curve 1 2 represents the Equa- 
10 tion 2 above, at the same volume and pressure 
as curve 1 1 . 


15 Equation 3 states the well known gas law: — 
specific heat at constant pressure C P , divided by 
specific heat at constant volume Cv, is a constant. 
This constant is represented by the Greek letter 
7 . For air it is 1.4. 

zu To obtain the expression for the work of com- 
pression at constant temperature, we proceed as 
follows: 

Work (T constant) =W=fpdv 

25 Or, instead of integrating pdv around the cycle, 
we may integrate vdp between the limits of Pi 
and Ps, which is the same thing. Thus, 

30 W= j Vdp = P 1 P 1 J ^=PiVi£log, pj = 

PiV, log.(^) (4) 

33 The expression for the work of adiabatic com- 
pression is derived as follows: 

j. 

PV 1 — K, or P y V=K 1 


to 2 ero to find the maximum value for W, results 
in a maximum value appearing when 


7= fvdp--=Pi 7 V, f ‘lE 

M M p ~ 

„ -i D i-i) 

l\Pi 7 — Pi y) 


If the Initial volume Vi and final pressure Pa 
are held constant, and If different values of the 
50 input pressure Pi are taken, it will be found that 
the work done by the compressor increases as 
Pi increases up to a certain value and then de- 
creases as Pi approaches Ps in value. This is 
55 shown graphically as an example in Fig. 3 where 
Vi is taken as 100 cu. inches; P 2 is taken as 750 
lbs. per sq. inch; and the work W is plotted 
against the different values of Pi. Curve IS, Fig. 
3 corresponds to Equation 4 and curve 14 corre- 
fiQ sponds to Equation 5. Both curves have maxima 
at nearly the same value of compression ratio. 
These maxima are obtained by differentiation of 
Equations 4 and 5, obtaining 6 and 7 below. 

Differentiating Equation 4, holding Ps con- 
65 stant, we have 

P1V1 log, (^)=P,V,(log. Ps-log. Pi) 

70 S“ (log ‘ P2 ~ log - Pr 1 )^ 

Equating the derivative 


5^=e= 2.718 (6) 

r 1 

Differentiating Equation 5, holding P 2 con- 
stant. we have: 

1 

P^Vif 1— i-A_ VW I 1-- 'l 
w=— 7 - p , y)~—j\Pi y P2 y-Pi) 

1— 7 1 y 

By equating to zero, we find a maximum value 
for W when 

L* a J=i < 7 > 

Pi 7 

For air, 7=1.4, and 


becomes 3.2 for maximum work, 

It is also evident from Fig. 3 that much more 25 
work can be obtained from a given cylinder work- 
ing at a limited upper pressure P 2 by proper se- 
lection of the initial pressure Pi. For example, 
the compressor diagrammed in Fig. 2 would ab- 
sorb less than 6000 inch lbs. per stroke when op- 30 
erating from atmospheric pressure to 750 lbs. 
per sq. inch as In curve 10 and it would absorb 
more than 27,000 inch lbs. per stroke when oper- 
ating from 250 lbs. per sq. inch to the same upper 
pressure. 35 

From the foregoing consideration, it is evident 
that a power transmission can be designed using 
previously compressed air for its low pressure 
intake and compressing it over a comparatively 
small pressure ratio to a higher pressure. Then, 40 
after transmission through a pipe and control, 
the compressed air can be expanded through an 
air motor back to the same pressure as that from 
which it started. 

By this means a transmission of extreme light- 45 
ness, flexibility, compactness and economy and 
having other desirable features, may be obtained. 

Fig. 4 shows a specific application of this trans- 
mission to a motor car and, while I do not limit 
my invention to automobile transmissions, it 50 
will serve as an example to illustrate the princi- 
ples involved. 

Referring to Fig. 4, 31 is a gasoline engine 
having a radiator 32, carburetor 33, and exhaust 
manifold 35. This engine, being started In any 65 
of the usual manners, drives a small auxiliary 
compressor 35. This compressor takes air from 
the atmosphere through a cleaner, conventional- 
ly illustrated at 36, and throttle 37, compresses 
and discharges it through the pipe shown into 60 
tank 3S. The cleaner 36 may consist of a box 
or can having supported, spaced from the bot- 
tom, a wire screen 105 above which is placed 
bronze wool 106. The intake pipe 107, open to 
the atmosphere, enters at the top, and the dis- 05 
charge pipe 8! passes out the bottom of the 
cleaner. At the same time the power compressor 
3S has been taking air from 3B, compressing and 
discharging it into tank 40. This process is con- 
tinued until the pressure in tank 40 has been TO 
built up to a certain predetermined value, for 
example, 750 lbs. per sq. inch. When F 2 , the 
pressure In tank 40, has reached this pressure 
the connecting tube 4J and the tube (2 transmits 
this pressure to the diaphragm <3 which expands 76 
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closing the throttle 44 of carburetor 33 and 
closing the intake to pump 39 by action of valve 

45. 

The action of this control mechanism can be 
6 best understood by referring to Pig. 5. Dia- 
phragm 43 is secured at its outer edge to shell 

46 which is mounted on the car frame 99. At- 
tached to the center of diaphragm 43 is a rod 

47 on which are nuts 48 spaced somewhat apart. 
10 Carried between these nuts is bell crank 49 piv- 
oted about a center 50 and operating on the but- 
terfly valve 44 of carburetor 33 through links 51 
and 52. The movQpient of diaphragm 43 due 
to pressure in shell 46 is resisted by springs 53 

15 which is in compression between the diaphragm 
and bracket 54 mounted on the car frame. An 
extension 55 of rod 47 passes through packing 56 
and carries a cone 57 that seats against seat 
58 of valve <5 when diaphragm 43 is extended. 
20 Compressor 39 takes in air through pipe 59, valve 
45, pipe 60. pipe 61, from the low pressure tank 
38. It is obvious, then, that the action of the 
diaphragm 43 under pressure is to close the en- 
gine throttle 44 and also the valve 45, choking 
25 off the Intake to the compressor and unloading it. 
At this stage the engine idles under little or no 
load and the pressures are maintained. When 
Pi reaches its proper value, for example, 250 lbs. 
per sq. inch, then diaphragm 71 closes valve 37 
so and no more air is pumped into the system until 
some escapes. Should pressure Pi become too 
high, safety valve 72 lets air escape to atmos- 
phere through pipe 73. In the same manner 
safety valve 62, allows air to escape from tank 
35 40 through pipes 41, 60, and 61 back to low pres- 
sure tank 38, If Pa should become too high. 

The action of the low pressure control can be 
seen in detail by referring to Fig. 6. Diaphragm 
7! Is secured at Its outer edge to shell 74 which 
4u is mounted on the car frame. Attached to the 
center of the diaphragm is rod 75 that extends 
through packing 76 and carries a cone 77 that 
seats on valve seat 78 of valve 37 when diaphragm 
7 1 is extended. The movement of the diaphragm 
45 Is resisted by spring 79 which is In compression 
between diaphragm 71 and bracket 86 mounted 
on the car frame. Compressor 35 takes air from 
the atmosphere through cleaner 36, pipe 31, valve 
37, and pipe 82, discharging it through pipe 33, 
50 and pipes 84 and 61 into low pressure tank 88. 
When the pressure in tank 38 reaches a pre- 
determined value the diaphragm 7! will have 
extended, pushing the rod 75 upward and closing 
the valve 37. The compressor 35 Is then un- 
55 loaded and inactive until the pressure In tank 
38 drops sufficiently to permit the diaphragm 
actuated valve to open and allow air to be taken 
in by the compressor. 

High pressure air from tank 40 Is brought back 
60 tlirough pipe 90, through throttle valve 15, oper- 
ated by lever 9f, to the Intake side of engine IS 
which expands the air and returns it to tank 
33 through pipe 17. Thus no air is lost from the 
system. 

65 Engine 1 6 is exactly like a steam or compressed 
air engine having the usual cylinder 92, piston 
93, connecting rod 94, and valve mechanism 18 
which through the valve link 1 8 controls the time 
of cut-ofi and admission as well as the exhaust 
70 events through change of the phase relation of 
valve 95 with respect to piston 93. A standard 
Stephenson link has been shown and since this 
valve gear is so old and so well known to those 
skilled in the art. It is not considered necessary 
75 to explain its operation in detail. The connect- 
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ing rod 94 operates through a crank to turn rear 
axle 101 to which are attached driving wheels 102. 

The entire mechanism up to throttle IS and re- 
turn pipe 17 is automatic, the entire control of 
the automobile Is accomplished by manipulation 6 
of the throttle 15 through lever 91 and control 
19 through lever 96. These are operated exactly 
in the same manner as a steam engine. 

Many economies may be Incorporated in this 
system. For example: compressor 39 and tank 10 
38 may be placed out in front where, being in the 
air stream Incident to the travel of the vehicle, 
they would be cooled, thus reducing the volume 
of air to be compressed, and the compressor 39 
and tank 38 are so shown In this preferred ar- 15 
rangement in Fig. 4. The high pressure air may 
be passed through a heat interchanger 20 in the 
exhaust manifold for the purpose of expanding 
the air, or reducing its density, by taking waste 
heat from the exhaust gases. The pipe 97 and 20 
engine 1 5 may be heat insulated to conserve this 
heat. 

Another economy of the system Is that the 
gasoline engine is always working under high 
torque and never running at high speed and 25 
light load. As will be understood from the con- 
trol operations explained, the engine Is always 
either operating with full compressor load, or Is 
Idling at closed throttle with the compressor un- 
loaded. 30 

A simple pipe 24 and check valve 25 shunting 
valve 15 permits regenerative braking. For re- 
generative braking the valve 1 5 la closed and the 
links 1 9 are gradually shifted to the reverse posi- 
tion, thus causing air to be taken from tank 38, 35 
compressed by engine 1 6 and driven through 
pipe 24, check valve 25 and pipe 41 back Into 
tank 48. This continues until a higher pressure 
Is reached in tank 40, of, perhaps, 1200 lbs. per 
sq. inch. Thereafter air escapes through relief *0 
valve 62 Into tank 33 again with a small amount 
of heating, due to the Thompson- Joule effect. 

After this regenerative braking process, the ex- 
cess pressure Is available for subsequent accelera- 
tion without any call upon the motor 31. 45 

While I have shown reciprocating motors and 
compressors, I do not wish the invention In cer- 
tain of its aspects to be limited thereto, as ma- 
chines other than those with reciprocating pistons 
may be suitable. 50 

I claim : 

1. In combination, a reversible valve fluid 
motor adapted for driving a vehicle, a prime 
mover, a fluid compressor driven by said prime 
mover, a high pressure connection between the 66 
exhaust port of said compressor and the Intake 
port of said motor, a low pressure connection 
between the exhaust port of said motor and the 
intake port of said compressor, a high pressure 
reservoir In said high pressure connection, a low u 
pressure reservoir in said low pressure connection, 
means controlling the operation of said compres- 
sor tending to maintain the pressure in said high 
pressure reservoir, substantially constant at a 
normal value, a relief valve connected to said 66 
high pressure reservoir, said relief Valve being 
set to discharge at some pressure higher than 
said normal pressure and adapted thereupon to 
discharge fluid Into said low pressure reservoir, 
means for reversing the valves on said motor to 7 ® 
cause the motor to act as a compressor, a throt- 
tle In said high pressure connection between said 
high pressure reservoir and said motor, and valve 
means adapted when said throttle is closed to 
prevent the flow of fluid from said high pressure \ 75 
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reservoir into said motor but to permit fluid 
compressed by the motor to be pumped back into 
the high pressure reservoir. 

2. In combination, a vehicle, a valve controlled 
5 reversible fluid pressure motor for driving said 
vehicle, a prime mover, a compressor driven by 
said prime mover, a high pressure connection be- 
tween the exhaust port of said compressor and 
the intake port of said motor, a low pressure con- 
10 nection between the exhaust port of said motor 
and the intake port of said compressor, a high 
pressure reservoir in said high pressure connec- 
tion, a low pressure reservoir in said low pressure 
connection, means controlling the operation of 
15 said compressor tending to maintain the pres- 
sure in said high pressure reservoir substantially 


constant at a normal value, a relief valve con- 
nected to said high pressure reservoir, said relief 
valve being set to discharge at some pressure 
higher than said noimal pressure and adapted 
thereupon to discharge fluid into said low pres- r, 
sure reservoir, means for reversing the valves on 
said motor to cause the motor to act as a com- 
pressor, a throttle in said high pressure connec- 
tion between said high pressure reservoir and 
said motor, and a check valved connection shunt- 10 
ing said throttle and acting independently of the 
setting of said throttle to permit fluid compressed 
by the motor to be pumped back into the high 
pressure reservoir. 

ROBERT CADY BURT. 15 


"pOSTWAR motorists may climb into 
tiieir automobiles, step on the air in- 
stead of the gas, and glide away swiftly and 
silently at 60 miles to the gallon with never 
s gear to shift or clutch to shove. 

That's the prospect presented by Frank 
P Perry, Los Angeles inventor, who has 
built a revolutionary car called a “Perry- 
Jaobile.” 

Untried commercially, it’s a novel com- 
bination of steamer and compressed air 
powered automobile. The motive power 
oimes from a secret liquid, which vapor- 
?tes at a much lower temperature than 
water, and compressed air which serves as 
«n ever-rendy starting and reserve source 
of power. 

Perry says he has driven several thou- 
findji miles with his machine which is 
Counted on an old Ford chassis. The Per- 
ryniobile weighs only 700 pounds — about 
b300 pounds less than standard automo- 
biles powered by the conventional internal 
ttJmbustion engines. The engine installa- 
tion alone weighs only 140 pounds. 

The 30-l»in\sepi>wer four-cylinder engine 
i* turned over by pressures instead of by 

e explosions that move the pistons of an 

ordinary auto engine. The Perrymobile 
cngliio lx •‘Nscnl.iiillv the .smno ns a steam 
engine. Inside each cylinder is a piston 
which moves up and down and is connect- 
ed to the crankshaft. 

The secret non-inflammable liquid 
which boils at about 150 degrees Fahren- 
heit, is heated by a burner which uses any- 
thing from butane gas to crude oiL The car 
will travel 60 miles at 30 miles an hour or 
one gallon of butane, the inventor claims. 
He says this fuel costs about SVi cents a 
gallon. (He sets the top speed at “better 
than 70.”) Only one quart of the secret 
liquid is required in the boiler because it is 
exhausted as vapor into the radiator, con- 
densed and returned to the boiler. 

The vapor passes through an intake valve 
into the top of the cylinder, and with a 
pressure of about 150 pounds per square 
inch pushes the piston down just as steam 
would do. At the bottom of the stroke the 
vapor exhausts through a port cut through 
the cylinder wall. As the piston starts up 
again a valve at the top of the cylinder lifts 
so the piston travels upward against no air 
pressure. At the top of the stroke more 
vapor is admitted which starts the pistoot 
down again. 

Each of the four pistons supplies power 
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to the rear wheels every 
time it is pushed down- 
This affords "two-cycle" 
operation instead of the 
con vi n l i o n a l “f it ii r- 
cyele” shift in winch each 
piston gets a shove only 
every second time it tvav- 
eis downward. Thus, 

Perry’s four cylinders put 
out as many power im- 
pulses as an eight-cylin- 
der auto engine. 

The compressed air part 
of the power for the Per- 
rymobile comes from a 1 
tank under the seat. That 
tank is kept full of com- 
pressed air supplied by a 
small air pump connected 
by a belt with the engine. The compressed 
air, which flows through the boiler into the 
cylinders, is used for a quick start and until 
sufficient vapor pressure has been built up 
to run the engine. 

To operate this revolutionary automo- 
bile. you first open the fuel valve under the 
bood and the burners catch fire from a 
pilot light. Then you get in the car and 
pull down the throttle lever on the right 
side of the steering column. Compressed 
air from the tank flows into the cylinders 
and the car starts to move. 

After you have driven a few blocks the 
flame in the boiler has built up sufficient 
vapor pressure so you can turn nil the ulr. 
The pump quickly restores the pressure in 
the air tank. Heat in the boiler is regulated 
by~an automatic valve. 

Suppose you are driving out into the 
country and come to a long sloping down- 
grade. You close the throttle, just as you 
would in an ordinary car, and the flame 
goes low in the. boiler, for no pressure is 
being used. Even while the engine is idling, 
aii is pumped into the tank to maintain a 
constant pressure. To back up, a control 
on the left of the steering column changes 
position of the cams for reversing. 

The inventor compares his single control 
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for regulating speed and power to the con- 
trol lever of an electric motor. The smooth 
operation of the Perrymobile is due to the 
fact that the power output is the same at 
all speeds — from 1 r.p.m. to 2,000. On a 
gasoline engine the horsepower is in direct 
ratio to the r.p.m. ’s. 

Even at full power with the throttle valve 
wide open, Perry says his engine runs so 
cool that the paint has never blistered on 
the cylinders. This makes the car adapt- 
able to extremes of climate for the liquids 
in it do not freeze unless the mercury drops 
to 30 below zero. The engine turns over 
slowly. At 40 miles an hour it revolves 
only 800 times a minute compared with 
2.000 or more for most present-day cars. 

Other advantages of the Perrymobile, 
according to the inventor, arc the “parts it 
does without.” These include clutch, car- 
buretor, spark plugs, distributor, coils, bat- 
fery, fan, gear box and self starter. Tire 
of course, is equipped with brakes. 
Perry estimates that it will require less 
man one quart of lubricating oil a year, 
the Perrymobile makes no noise, smoke 
or. smell. So smooth is its operation, he 
^poris, that in a blindfold test it is impos- 
sible to tell when the car starts moving. 

dtvcost Perry about $400 to build his 




lightweight automobile, but he says it 
should sell for much less if it gets into mass 
Production— about $250. He believes the 
*u-vapor engine can be used on helicop- 
* er3 and boats as well as automobiles. 
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2,941,608 
POWER DEVICE 

James E. Parrish, P.O. Box 154, Intercession City, Fla. 

Filed Dec. 11, 1958, Ser. No. 779,621 
3 Claims. (Cl. 180—6.2) 

1. A power unit for a vehicle comprising a support- 
ing frame, a pair of ground engaging- wheels arranged in 
tandem on opposite sides of said supporting frame, wheel 
driving gears mounted in tandem with one on each of 
said wheels, a power driving gear supported in meshing 
engagement in between each pair of wheel driving gears 
on opposite sides of said frame, a single compressed air 
tank mounted on said frame for holding high pressure 
air, an air compressor to supply the initial high capital 
pressure to said compressed air. tank connected with 
said compressed air tank, a prime mover connected with 
said air compressor, a pair of oil reservoirs on each side 
of said frame and supported thereby, one of each pair 
of reservoirs being initially filled with oil, the second 
of each pair being empty of oil when said first is full, 
a single discharge pipe connected at one end with said 
single compressed air tank, said discharge pipe having 
a throttle valve intermediate its ends and connected at 
its opposite end to cross-over lines connected to the 
upper portions of each of said pair of reservoirs, a fluid 
oil motor supported on each side of said frame, each 
fluid oil motor having a hollow casing rotatably mounted 
on its power shaft, one of said power driving gears in- 
tegrally formed with each of said hollow casings, pipe 
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means for conveying oil from the filled oil resei . oir on 
each side of said frame to said fluid motor on the same 
side thereof, cross over pipe means for connecting the 
lower end portions of each of reservoir of each pair and 
having valve means associated therewith for controlling 
the flow of oil from said oil filled reservoir to the fluid 
motor and back to said empty reservoir, gear and pulley 

means connected with said power driving gears and 
drivingly connected to said air compressor by an auto- 
matic clutch connecting pulley for driving said compres- 
sor while the motors are running to keep the normal 
running air pressure in said compressed air tank, cam 
means connected with said rotating hollow casing for 
controlling said valves in the cross arms above and be- 
low said reservoirs whereby the flow of oil from one 
reservoir under high pressure to the other reservoir of 
each pair after passing through a fluid motor is main- 
tained in unidirectional flow during alternating flow from 
one reservoir to the other of each pair. 
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ABSTRACT: The production of power by the utilization of a 
supply of a gaseous working fluid under pressure to drive a 
turbine, wherein a substantially unlimited supply of working 
fluid is provided by the controlled evaporation of a reservoir 
of the working fluid in a liquefied state in accordance with 
pressure variations at an appropriate point in the system. 
Heating of the gaseous working fluid to a preselected tempera- 
ture and pressure prior to utilization is advantageous. 
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POWER SYSTEM 

BACKGROUND AND SUMMARY OF THE INVENTION 

Ever since the inception of the industrial revolution, a con- 
stant search has been underway for new and improved ways 
and means for producing power. This is true even in today's 
highly industrialized and mechanized world, where the huge 
and varied demands for power have rendered the problem jq 
more acute than ever. One factor contributing to the 
widespread experimentation that is taking place today is the 
realization that the conventional fuels are likely to become ex- 
hausted in the not unforeseeable future at the ever-increasing 
rates at which they are being consumed Of more immediate 15 
concern, however, and a major motivating factor towards in- 
creased experimentation is the danger to health and property 
resulting from the continuing uncontrolled pollution of our 
environment Poisonous exhaust gases from the internal com 
bustion engine are continually polluting the air we breathe 20 
Waste products from petroleum processing plants are pollut- 
ing our streams and rivers. 

At a time when increasing pressures are being brought to 
bear on private industry by public and private interests to 
clean up the atmosphere, the automobile industry in particular ^ 
has been hard pressed to come up with a practical solution to 
the problem In order to meet certain safety standards set up 
for the industry, experimentation has resulted in the provision 
of special carburetors designed to eliminate or cut down on 
the contaminants which result from internal combustion Ob- 
viously, these measures do not provide the desired solution to 
the problem and, moreover, they lead to less efficient com- 
bustion of the fuel with commensurate losses of power being 
the result. 3 s 

The concept of an electrically driven ^ar has received con- 
siderable attention. However, the major stumbling block tc 
the application of this concept has beer, the industry's inability 
to provide a practical source of electrical energy in the quanti- 
ties required. Storage batteries have been tried but represent a 40 
grossly inefficient source of energy . 

In view of the shortcomings and limitations of the prior art, 
the instant invention has as an objective the provision of new 
and improved ways and means for producing power in a clean, 
safe and efficient manner. 45 

It is another object of the instant invention to provide 
methods and instrumentalities for developing and channeling 
the power source potentialities of supercooled fluids such as 
liquid air. 

It is more particular object of the instant invention to pro- 50 
vide a practical solution to the problem of ait pollution with 
particular reference to the effects of the internal combustion 
engine by the utilization of a media which will provide effi- 
cient and economical service without the danger of objec- 
tionable contaminus being introduced into the atmosphere 

Briefly and generally, the foregoing and other objects and 
advantages are accomplished in accordance with the instant 
invention by the provision of a system including a plenum 
chamber containing a gaseous working fluid in operative com- 
munication with a turbine and means for regulating the 
withdrawal of working fluid from the chamber to drive the tur- 
bine in accordance with demand for power, the pressure head 
in the plenum chamber being constantly maintained by the 
closely controlled conversion to its natural gaseous state of a 55 
reservoir of liquefied working fluid in accordance with pres- 
sure variations sensed at an appropriate point in the system 
Advantageously, a heat exchanger is provided for raising the 
temperature of the workin" in its paseous stale to am- 
bient or above prior to enl ‘im chamber, and a 70 

check valve is provided '■ 1 me reservoir of liquefied 

working fluid and the heal exchanger to maintain one-way 
fluid flow towards the plenum chamber, pressure sensing for 
fluid conversion taking place on the upstream side of the 
check valve 25 
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Having summarized the invention, a more detailed descrip- 
tion follows with reference being had to the accompanying 
drawings which form a part of this specification and in which 
an exemplary embodiment of a power-producing system in ac- 
cordance with the invention is diagrammatically illustrated 

DETAILED DESCRIPTION OF THE INVENTION 

Turning now in detail to the accompanying drawings, the 
exemplary system illustrated therein comprises a tank 10 
wherein the controlled evaporation of a reservoir of liquefied 
gas such as liquid air takes place, and from which the 
evaporated fluid is transported via high-pressure conduit 
system II through a heat exchanger 12 and thence to a 
plenum chamber 13 from which it is withdrawn, as needed, to 
drive a turbine 14 having an associated generator 15 The in- 
vention will hereinafter be described in terms of a liquid air 
system for exemplary purposes only. 

As mentioned above, the initial liquid air conversion takes 
place in tank 10 It is necessary therefore that a supply of 
liquid air be stored and held ready for use within the tank Ac- 
cordingly, tank 10 is particularly adapted to maintain, as 
nearly as possible, the air in its liquefied state and is ac- 
cordingly designed to prevent or retard heat transfer with the 
atmosphere. A Dewar vessel typifies the kind of storage tank 
presently contemplated. Of course, it is recognized that 
complete prevention of heat transfer may not be attainable 
and that some conversion of liquid to gas probably will occur 
due to uncontrollable heat transfer during normal periods of 
nonuse. The system is provided with safety pressure relief 
means described below for counteracting the possibility of an 
uncontrolled pressure buildup in the tank and in other parts of 
the system as well. 

Tank 10 is provided with pressure-responsive heating means 
for heating the liquid air stored therein in order to effect the 
controlled evaporation of the liquid air in accordance with 
pressure variations in the system. As embodied herein, the 
aforesaid heating means comprises a plurality of electrical 
strip heaters 16 incorporated into the inner w all 17 of the tank 
10 at and adjacent to its lower end. Control of the operation of 
the strip heaters is accomplished by means of a suitable con- 
trol circuit diagrammatically illustrated at 18 which is adapted 
to energize and deenergize the strip heaters in response to in- 
stantaneous pressure conditions in the system. The control cir- 
cuit means contemplated for use herein can comprise conven- 
tional instrumentalities such as pressure-sensing devices and 
switches arranged in a conventional manner It is believed that 
the nature of the control circuit arrangement required to ac- 
complish the desired heater control will be immediately ap- 
parent to one possessing ordinary skill in the art 

The tank 10 is coupled at its upper end to heat exchanger 12 
by a first high-pressure conduit section 1 1 A including a check 
valve 19 for maintaining one-way flow through the system 
The pressure-sensing elements of the control circuit 18 are il- 
lustratively inserted into the system at first conduit section 
1 1 A on the upstream side of check valve 19 Also coupled into 
the system at this point is a pressure gauge 20 for indicating 
the operating pressures in the tank. 

In order to maintain safe pressure conditions in the lank, a 
pressure relief line 21 and valve 22 of the conventional type 
are operatively coupled into the system at conduit section 
1 1 A An additional safety factor is provided by the inclusion 
of a secondary pressure relief arrangement including a pres- 
sure relief line 23 and rupture disc 24 located at the juncture 
of line 23 and conduit section 1 1 A. Disc 24 is adapted to rup- 
ture when the pressure in the tank and hence in conduit sec- 
tion 1 1 A exceeds a preselected magnitude preferably greater 
than the operating pressure of pressure relief valve 22 Thus, 
should pressure relief valve 22 malfunction or should its as- 
sociated relief line 21 be incapable of providing the necessary 
pressure relief, the disc 24 will rupture providing a second 
escape route to the atmosphere via secondary pressure relief 
line 23 
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Heat exchanger 12 comprises in its illustrative form coils ol pressure relief valve 32 provides an auxiliary and immediate 

high-pressure tubing 25 surrounded by a suitable hea’t transfer escape route to the atmosphere to counteract any such im- 

medium, e.g , water, which is encapsulated in an outer jacket balance in the system 

or shell 26 Suitable controlled heater means is provided for Tank 10 is provided with means for the introduction of fresh 

maintaining a suitable temperature condition of the heat 5 supplies of liquid air when needed. An inlet line 33 having a 
transfer medium As embodied herein, the walls of the outer shutoff valve 34 is provided at the lower end of the tank Near 

jacket 26 are provided with a plurality of electrical strip the upper end of the tank is a vent line 35 having a similarly as- 

heaters 27 in like manner to the inner wall of tank 10. sociatcd shutoff valve 36 When it is desired to introduce a 

In order to assure that the working fluid leaving the heat fresh supply of liquid air into tank 10, the inlet line 33 is cou- 

cxchanger is at the desired temperature and pressure, control pled to the supply source of the liquid air. Vent line shutoff 

means 28 is provided for energizing and deenergizing heaters valve 36 and inlet line shutoff valve 34 are then opened The 

27 to regulate heat transfer to the working fluid The control fresh supply of liquid air is then transported via inlet line 33 to 

means 28, which is diagrammalically illustrated, comprises the interior of the tank until it is filled to the desired level As 

means indicated by the arrow for monitoring the fluid in con ^ ^ the tank is being filled, some of the liquid air will undoubtedly 
duit section 1 1 B as it departs the exchanger 12 and initiating evaporate and escape through the vent line 35, However, as 

the appropriate responses in a control circuit arrangement the inner wall 17 of tank 10 cools through contact with the su- 

which would include suitable switching elements or equivalent percooled liquid air, less evaporation will occur. W'hen the 

means for providing the heater control to obtain the desired desired level has been reached, the shutoff valves of the vent 

fluid conditions. The means for monitoring the fluid can in- -,q and inlet lines are closed and the system is ready for operation, 
elude conventional fluid temperature, pressure and/or flow The manner in which the invention achieves its objectives 

rate sensing devices (not shown) optimumly inserted within will now be explained with the aid of the system illustrated 

conduit section 11B An alternative arrangement can find herein. The operator of the system provides manual control 

temperature-sensing devices within the heat transfer medium over the centripetal governor 29 for the purpose of regulating 

surrounding the exchanger tubes 25 The overall arrangement 25 the operation of the turbine. As the conduit section 11C is 
contemplated with its various components is believed to be opened by governor 29, for greater power, greater volumes of 

well within the ordinary skill of the art and further description working fluid are channeled to the turbine from the plenum 

here is thought to be unnecessary The temperature rise to be chamber 13 The greater the rate of withdrawal of air from the 

imparted to the air as it passes through exchanger 12 is a plenum chamber, the greater the speed of the turbine and the 

matter for determination through practice of the invention. At 30 greater the power output. Hence, direct control is provided 
present, it is contemplated that the air will be b brought to a over the power output of the system. The turbine, in turn, can 

temperature at least coinciding with the ambient temperature be utilized to drive a generator 15 for the production of elec- 

of the atmosphere, it being understood, however, that the trical energy for any purpose desired. 

higher the temperature, the greater the pressures developed In order to obtain optimum efficiency and predictable 

for utilization. 35 response in the operation of the system, it is very important 

After it passes through heat exchanger 12, the heater air is that the pressure within the plenum chamber be constantly 

channeled to the plenum chamber 13 via a second high-pres- maintained at the optimum operating condition determined 

sure conduit section 11B. The plenum chamber 13 functions for the particular application. As already discussed, pressure 

as a form of reservoir to provide a ready supply of working relief line 31 and valve 32 play an important role in preventing 

fluid under pressure to drive air motor 14 No special require- 40 excessive pressure buildups within the chamber, 
ments exist for the construction of the vessel serving as the When working fluid is withdrawn from the plenum chamber 

plenum chamber other than may be dictated by pressure and 13 for operation of the turbine, a drop in pressure obviously 

temperature requirements. In other words, the wall of the ves occurs in the chamber. This pressure variation immediately 

sel must be of a construction to withstand the internal pres- results in fluid movement from heat exchanger 12 towards 

sures to which it will be subjected during operation, and, plenum chamber 13, the ultimate result being a pressure drop 

where the temperature of the working fluid is to be above am- in liquid air tank 10 and conduit section 1 1 A on the upstream 

bient, the vessel should be of a type similar to the liquid air side of check valve 19 This ultimate drop in pressure on the 

tank 10 in order to retard or limit heat transfer with the at- upstream side of valve 19 is picked up by the pressure-sensing 

mosphere. The optimum pressures and temperatures for the ^ devices of heater control means 18 actuating the appropriate 
working fluid in plenum chamber 13 are matters for deter- mechanisms for energizing electrical strip heaters 16 Ener- 

mination through practice of the invention. However, the na- gization of strip heaters 16 results in the production of heat 

ture of the turbine 14 and the power requirements of particu- causing practically immediate evaporation of the supercooled 

lar applications are obviously important factors to be con- liquid air in the tank back to its natural gaseous state The 

sidered in this regard. gaseous working fluid thereby produced moves through the 

Operatively connecting plenum chamber 13 with turbine 14 system towards the plenum chamber, passing through check 

is the third or final high-pressure conduit section 11C The valve 19 and heat exchanger 12 where its temperature is 

pressurized working fluid of the plenum chamber is chan- raised When power is no longer required and the pressures in 

neled, as needed, directly to the turbine via this conduit sec the system are again in equilibrium, the sensing devices of the 

tion This is accomplished by means of a flow-regulating heater control means 18 initiate the appropriate response to 

device such as the centripetal governor 29 situated in the con- deeneTgize the strip heaters 16 and discontinue the evapora- 

duit section 11C. In practice, this regulating device can be live process 

responsive to external control so that the operator will be able It should be apparent that individual control of the plurality 

to directly regulate the power output of the system. of strip heaters by control means 18, or the utilization of varia- 

Situated in conduit section 11C just prior to the governor 29 65 ble heaters the rate of heat production of which can be closely 
in the illustrative embodiment is a pressure gauge 30 enabling controlled, may be a desirable feature of the invention. In nor- 

the operator to maintain a close check on pressures at this mal operation a continuous withdrawal of working fluid from 
critical point in the system. plenum chamber 13 will be taking place, but the rate of 

As will be understood, in normal operation the rate of withdrawal will, in all probability, fluctuate. Individual heater 

egress of working fluid from chamber 13 via conduit section 70 control and/or the provision of controlled variable heaters will 
1IC should equal the rate of ingress of fluid to the chamber enable the rate of evaporation of liquid air to be more closely 

via conduit section 1 1 B However, a safety factor is provided controlled with this in mind. 

in the event that these rates do not coincide and excessive The evaporated working fluid after having undergone a 

pressures tend to build up within the chamber Pressure relief change of state is still at a temperature far below that of am- 

means including a pressure relief line 31 and conventional 35 bient By passing it through the heat exchanger 12, the 
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evaporated fluid can be raised to ambient temperature or 
above with concurrent increases in working pressures being 
developed to thereby greatly increase the operating efficiency 
of the system As stated earlier, the optimum increase in tern 
perature to be imparted to the working fluid can be deter- 
mined through practice of the invention Due to the increased 
pressures developed in the system on the downstream side of 
the check valve, lesser quantities of liquefied working fluid 
need be evaporated to meet power output requirements than 
would be the case if secondary heating were not included in 
the process. Accurate control of the rate of evaporation in 
terms of the need for actual working fluid is attained by- 
sensing pressure variations on the upstream side of the valve 

In order to impart the desired temperature rise to the work 
ing fluid passing therethrough, the heat transfer medium, e g 
water, surrounding the high-pressure coils 25 of the exchanger 
12 is maintained at a suitably high temperature. Maintenance 
of the appropriate temperature is accomplished automatically 
by the strip heaters 27 and control means 28 The tempera- 
ture, pressure and/or flow rate sensing elements of heater con- 
trol means 28, which are preferably suitably located in the 
conduit section 1 IB leading from the heat exchanger 12 to the 
plenum chamber 13, monitor the working fluid and initiate the 
appropriate response signal to either energize or deenergize 
one or more of the strip heaters 27 to attain the proper rale of 
heat transfer to achieve the desired temperature. 

As a result of the rise in temperature of the evaporated air. 
greater pressures are developed for possible utilization in driv- 
ing the turbine, these greater pressures being directly related 
to greater system efficiency If it is desired to maintain fairly 
high temperatures above ambient within the plenum chamber 
13, the chamber should be constructed in a manner similar to 
liquid air tank 10, i.e., to retard heat transfer with the at- 
mosphere. 

Both heater control means 18 and 28 can be powered by in- 
dividual batteries as shown in the drawings at 37 and 38, 
respectively, or they can be powered by electrical energy 
which has been shunted off the generator 15 for that purpose 

It will be seen from the foregoing that a relatively simple yet 
potentially highly efficient power system is provided. The 
liquid air takes up relatively little space compared to the tre- 
mendous working pressures which can be built up and utilized 
through proper channeling. Moreover, the exhaust of the 
system consists solely of air so that no harmful contaminants 
reach the atmosphere. Clean working energy is produced. 

It is to be understood that the invention in its broader 
aspects is not limited to the specific elements, steps, 
techniques, combinations and arrangements herein shown and 
described, but departures may be made therefrom without de- 
parting from the scope and spirit of the invention as defined in 
the appended claims and without sacrificing its chief ad- 
vantages. For example and without limitation, placement of 
the pressure sensing instrumentalities of the liquid air heater 
control means can be made at points in the system other than 
where illustrated herein, if such proves desirable. Thus, prac- 
tice of the invention may determine that in certain instances it 
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may be desirable to sense pressure variations directly within 
the plenum chamber As another example, different types and 
forms of heat exchangers can be utilized in the practice of the 
invention as long as they are suitable for providing the desired 
5 temperature rise to the working fluid. Moreover, the invention 
is not to be limited to the particular working fluid discussed 
herein, i.e., air, provided, however, that a proper substitute is 
available Other variations and departures from the disclosure 
herein within the scope of the invention will undoubtedly 
10 occur to those skilled in the art through practice of the inven- 
tion 

What I claim is 

1 . A system for producing power comprising 

a. a turbine having a fluid outlet; 

15 b a plenum chamber filled with a working fluid in its natural 
gaseous state at a pressure greater than the pressure at 
said turbine outlet, 

c. first fluid conduit means operatively connecting said 
plenum chamber and said turbine, said conduit means in- 
tq eluding flow-regulating means responsive to external con- 

trol for regulating the mass rate of flow of working fluid to 
said turbine. 

d an insulated fluid vessel containing a reservoir of said 
working fluid in a liquefied state, said vessel having inter- 
25 nal heater means for heating said liquefied working fluid; 

c. heater control means including pressure sensing means 
for sensing fluid pressure conditions at a suitable point in 
the system and automatically selectively energizing and 
deenergizing said heater means in accordance with said 
30 conditions, and 

f second fluid conduit means operatively connecting said 
fluid vessel and said plenum chamber such that reduc- 
tions in fluid pressure within said plenum chamber result 
in the energization of heater means, the gasification of 
35 liquefied working fluid within said insulated vessel, and 
the movement of said gasefied working fluid towards said 
plenum chamber. 

2. A system in accordance with claim 1 further comprising 
heat exchanger means operatively coupled into said second 

40 fluid conduit means for raising the temperature of said gasified 
working fluid as it moves from said insulated vessel to said 
plenum chamber. 

3 A system in accordance with claim 2, said second fluid 
conduit means comprising check valve means intermediate 
45 said insulated vessel and said heat exchanger means operative 
to prevent fluid movement towards said insulated vessel. 

4. A system in accordance with claim 3, said pressure- 
sensing means of said heater control means being operatively 
positioned in said system to detect pressure variations on the 
50 upstream side of said check valve means 

5 A system in accordance with claim 4, further comprising 
control means for monitoring said working fluid as it departs 
said exchanger means and regulating the rate of heat transfer 
to said working fluid to obtain the desired temperature and 
55 pressure conditions for said fluid. 
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[57] ABSTRACT 

A system for electropneumatically propelling a vehicle 
comprises essentially a pneumatic motor and an elec- 
tric motor The pneumatic motor is driven by the air 
supplied under pressure from a source of compressed 
air such as a cylinder or a liquid-air tank, while the 
electric motor is driven by a storage battery in which 
is stored electrical energy produced by a generator, 
which is driven by a turbine operated by air supplied 
under pressure from the source of compressed air. 
Both the pneumatic motor and the electric motor are 
connected to transmission means linked to the driving 
wheels of the vehicle. The transmission means in- 
cludes first and second differential means adapted for 
controlling the supply of air to the pneumatic motor 
and for causing the pneumatic motor to rotate in the 
same direction as a preselected rotational direction of 
the electric motor. 

6 Claims, 1 1 Drawing Figures 
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ELECTROPNEUMATIC PROPELLING SYSTEM 
FOR VEHICLES 

BACKGROUND OF THE INVENTION 

The present invention relates to a novel system for 
electropneumatically propelling a vehicle. 

Automakers now are making desperate efforts to 
solve the air pollution problem caused by motor vehi- 
cles that are powered by conventional internal com- 
bustion engines. The need is an urgent one in the 
United States and other heavily motorized countries of 
the world where more and more rigid governmental 
pollution regulations are being imposed upon the 
motor vehicles. 

While the search may continue for new, nonpolluting 
power sources, much attention is now being focused 
upon electric cars, various types of which have been 
proposed, and some already have been manufactured 
on a considerable scale. A major factor hampering the 
growth of the electric cars, however, is that their batte- 
ries are too expensive and do not have enough capacity 
to drive the vehicles for any practical purposes. 
Nevertheless, the fact remains that electric cars are one 
clear solution to the air pollution problem, being ad- 
mirably suitable for some transportation services. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a novel electropneumatic propelling system for 
vehicles to be run with any likelihood of polluting the 
air. 

Another object of the invention is to provide an elec- 
tropneumatic propelling system for vehicles wherein an 
electric motor and a pneumatic motor are provided in 
place of a conventional engine or its equivalent, the 
power delivered by the electric motor and that by the 
pneumatic motor being suitably combined for 
propelling the vehicle. 

Another object of the invention is to provide an elec- 
tropneumatic propelling system for vehicles wherein 
one and the same source of compressed air is utilized to 
drive both the pneumatic motor and the electric motor, 
the latter being driven via a pneumatic turbine, genera- 
tor and storage battery. 

Still another object of the invention is to provide an 
electropneumatic propelling system for vehicles 
wherein the electric motor and pneumatic motor are 
both coupled to transmission means of such organiza- 
tion that, upon depression of an accelerator pedal 
linked to a changeover valve means, the pneumatic 
motor is rotated only in the same direction as a 
preselected rotational direction of the electric motor. 

A further object of the invention is to provide an 
electropneumatic propelling system for vehicles 
wherein the transmission means is associated with the 
changeover valve means in such a manner that both the 
electric motor and the pneumatic motor are driven 
simultaneously only when the delivery of large torque is 
required and that the vehicle is automatically propelled 
by the electric motor alone when it attains a cruising 
condition. 

A further object of the invention is to provide an 
electropneumatic propelling system for vehicles 
wherein the electric motor and the pneumatic motor 
are so adapted that, when the vehicle goes downhill, 
the former automatically stops rotation while the latter 
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serves as a substantial “engine brake" to arrest the ac- 
celerated motion of the vehicle. 

An additional object of the invention is to provide an 
electropneumatic propelling system for vehicles so 
5 designed that it requires an electric motor of compara- 
tively small output and a storage battery of compara- 
tively small capacity. 

Other objects and advantages will appear from the 
following detailed description taken in connection with 
10 the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

]5 FIG. 1 is a schematic perspective view showing the 
layout of an electropneumatic propelling system in ac- 
cordance with the present invention; 

FIG. 2 is a fragmentary plan view showing the 
manner in which an electric motor and a pneumatic 
2 o motor are coupled to transmission gear means in the 
electropneumatic propelling system of FIG. 1; 

FIG 3 is a. longitudinal sectional view showing the 
inner details of the transmission gear means and the 
pneumatic motor of FIG. 2, 

25 FIG. 4 is a sectional view taken along the plane of 
line IV— IV in FIG. 3; 

FIG. 5(a) is a schematic view indicating a condition 
of some pertinent mechanisms of the electropneumatic 
propelling system prior to the start-up of the vehicle, 
30 the differential means in the drawing being taken along 
the plane of line V— V in FIG. 3; 

FIG. 5(b) is an enlarged detail view, partly in section, 
of a valve spool of FIG. 5; 

FIG. 6 is a view similar to FIG. 5 indicating a start-up 
35 condition of the vehicle; 

FIG. 7 is also a view similar to FIG. 5 indicating a 
cruising condition of the vehicle; 

FIG. 8 is a view similar to FIG. 5 (except for the 
absence of the differential means, etc.) indicating a 
condition when the vehicle is going uphill; 

FIG. 9 is a view similar to FIG. 5 indicating a condi- 
tion when the vehicle is going downhill; and 

FIG. 10 is also a view similar to FIG. 5 indicating a 
45 condition when the vehicle is running in reverse. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, and in particular to 
FIG. 1 thereof for a description of a preferred embodi- 
50 ment of the invention illustrated therein by way of ex- 
ample, a cylinder or vessel 2 filled with liquefied air 
supplies air under pressure to a turbine T via a pressure 
regulator 3 and so forth, thereby to rotate a rotor 4 
The rotation of this turbine rotor 4 is conveyed to a 
55 generator G via suitable transmission means (5, 6 and 
7, for example). The electrical energy thus produced 
by the generator G is collected in a storage battery B 
via voltage regulating means 8. 

The reference character M generally indicates a 
prime mover (in a broader sense of the term) for the 
vehicle in accordance with the present invention, com- 
prising an electric motor Me and a pneumatic motor 
Mp. The electric motor Me is rotatable in both 
6J directions driven by the electrical energy supplied from 
the storage battery B via conductors 9, as hereinafter 
described in detail. The pneumatic Mp is driven by the 
air that is supplied under pressure from the aforesaid 
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cylinder 2 and flowing through a conduit 10 (which 
may have a \alve), accumulator A, conduit system 1 1 
and 12, changeover valve V, and conduits 13 and 14 
This pneumatic motor Mp is of a reciprocating piston 
type, as described later in greater detail. 

Both the electric motor Me and the pneumatic motor 
Mp are coupled to transmission gear means Ge. whose 
output shaft 15 is connected via a pair of bevel gears 16 
and 17 to an input shaft 18 of differential gear means 
19 on an axle 20 of driving wheels W of the vehicle. 
The wheels W are thus driven by the combined powers 
of the electric motor Me and the pneumatic motor Mp 
delivered from the output shaft 15. These motors and 
the transmission gear means may be suitably mounted 
upon a vehicle chassis C. An accelerator pedal 21 is 
suitably linked to the changeover valve V, while a for- 
ward reverse control lever 22 is coupled to the trans- 
mission gear means Ge. A shock-absorber 23. suitably 
installed between the vehicle body and wheels, may be 
of a piston and cylinder type, the cylinder being filled 
with aic jso that pressure will buikfup.-therewithin due to 
the vertical oscillations of the body during running of 
the vehicle. This pneumatic pressure is directed to the 
accumulator A via a conduit 24. 

As illustrated in greater detail in FIG. 2, the transmis- 
sion gear means Ge is connected to the electric motor 
Me by means of an input shaft 26 of the former The 
pneumatic motor Mp has a cylindrical housing 27 
which extends at right angles to the input shaft 26 and 
output shaft 15 of the transmission gear means Ge, the 
housing 27 being secured to its casing or gearbox 29 by 
adequate means 28. 

As shown in the sectional view of FIG. 3, both ends 
of the casing 29 of the transmission gear means Ge are 
closed by covers 30 and 31. The cover 30 rotatably 
supports the input shaft 26 by means of a bearing 32, 
while the cover 31 rotatably supports the output shaft 
15 by means of a bearing 33. At the inner end of the 
input shaft 26 there is formed a sun wheel 34 that is a 
part of first planet differential means hereinafter to be 
described. 

As illustrated in both FIGS. 3 and 5, the sun wheel 34 
is in mesh with a plurality of planet wheels 35 which are 
themselves meshed with the internal teeth 36a of a ring 
gear 36. An intermediate shaft 40 is provided coaxially 
inside of the input shaft 26. This intermediate shaft 40 
is integrally formed with a disk 40a on which the 
aforesaid planet wheels 35 are rotatably supported by 
shafts 41, and which loosely receives a pin 26 a project- 
ing from the inner end of the input shaft 26 At the 
other end of the intermediate shaft 40 there is formed 
another sun wheel 42 constituting a part of second 
planet differential means provided for the transmission 
gear means Ge. This sun wheel 42 is meshed with 
planet wheels 43, while these planet wheels are in mesh 
with the internal teeth 44a of a ring gear 44. Shafts 45 
supporting respective planet wheels 43 are imbedded at 
their ends in a disk 15a that is integral with the output 
shaft 15. The aforesaid ring gears 36 and 44 also have 
external teeth 366 and 446, respectively. 

Also as shown in FIG. 3, the pneumatic motor Mp 
has a piston 47 slidably installed in the cylinder 27a 
which is a part of the overall pneumatic motor housing 
27. A pair of valve means 49 and 50 are provided in a 
cylinder head 48 for the control of air supplied to and 
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discharged from the pneumatic motor Mp These valve 
means will open and close their respective air ports X 
and Y by means of known cam mechanisms or the like 
Adjacent the cylinder 27a, there is provided a crank- 
3 case 276 which also forms a part of the overall pneu- 
matic motor housing 27, and which, as above men- 
tioned, is secured to the transmission gear casing 29 by 
the means 28 

A pair of bearings 51 within the crankcase 276 
1 0 rotatably support the shafts 53 of parallel disks 52, one 
of the disks having teeth 52a on its periphery which are 
in mesh with the external teeth 446 of the ring gear 44 
Eccentrically and imbeddedly fixed to both disks 52, a 
crankpin 54 is linked to a pin 56 of the piston 47 by 
means of a connecting rod 55. As this piston 47 is 
caused to reciprocate by the supply of air. the disks 52 
are both rotated bv the crankpin 54 via the connecting 
rod 55. This rotation of the disks 52 is imparted to the 
2 o ring gear 44 via the intermeshing teeth 52a and 446, 
and thence to the output shaft 15 via the planet wheels 
43. The same rotation. is also -conveyed to the input 
shaft 26 via the intermediate shaft 40 and the first 
planet differential means. 

25 Inasmuch as both the electnc motor Me and the 
pneumatic motor Mp may be driven simultaneously, it 
is imperative that they rotate the output shaft 15 in the 
same direction. Accordingly, in order to prevent the 
pneumatic motor Mp from rotating in the direction op- 
30 posite to a preselected rotational direction of the elec- 
tnc motor Me, there is provided the following device 
according to the present invention. 

As illustrated in both FIGS. 3 and 4, this device is 
broadly comprised of a disk 60, which is keyed or 
35 otherwise suitably mounted on the input shaft 26, and a 
carnage 62 supporting a pair of rollers 61a and 61b to 
be moved into contact with the rim of the disk 60. 
Slidable in the direction of the arrow a as indicated in 
4Q FIG. 4, the carriage 62 is normally held at a neutral 
position by means such as helical compression springs 
63 A rod 64 extends from one end of this carriage 62 
and. projecting out of the transmission gear casing 29, 
is coupled to the aforementioned forward reverse con- 
45 trol lever 22 as illustrated in FIG. 1. In the condition of 
FIG 4, in which the carriage 62 is displaced leftward as 
viewed in the drawing by the operation of the control 
lever 22. the input shaft 26 is permitted to turn only in 
the direction of the arrow 6, which is assumed to be for- 
50 ward, because of the roller 61a wedged in between the 
carriage 62 and the disk 60. By turning the control 
lever 22 in the opposite direction, the carnage 62 is dis- 
placed rightward as viewed in FIG. 4 so that its roller 
616 is caught between the carriage and the disk 60 The 
55 input shaft 62 in this instance is capable of making only 
a reverse rotation. 

With reference now made to FIG. 5(a) in particular, 
the external teeth 366 of the ring gear 36 of the first 
planet differential means are meshed with a rack 66 
60 which is slidable on the inner surface of the casing 29 
and which is normally kept at it* centered or neutral 
position by such means as helical compression springs 
68 installed between stops 67 and casing 29. An exten- 
sion 66a of this rack 66 is connected to a spool 71 of 
the aforesaid changeover valve V via a system of link- 
ages 70 (not fully illustrated )as in FIGS. 1 and 5(a). 
Phi i using 72 of the changeover valve V is in the shape 
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of an open ended cylinder, in which the spool 71 is 
Midabh installed. This valve casing 72 is formed with a 
port S leading from the source of compressed air via 
the conduit 12 and so forth, a port x in communication 
with the intake port X of the pneumatic motor M p via 5 
the conduit 14, and a port y in communication with the 
exhaust port Y of the same via the conduit 13 (refer to 
FIG 1 ) The opposite end of the spool 71 is coupled to 
the accelerator pedal 21 via a bell crank 74 and link 75 
As illustrated in greater detail in FIG. 5(b), the spool 1 
71 is made up of two separable portions 71a and 71b 
that are pulled together by means of a tension spring 
77 Thus the opposing ends 78 of these portions are or- 
dinarily closely contacting each other. ( , 

Referring back to FIG. 5(a), the external teeth 36b 
of the ring gear 36 of the first planet differential means 
are also in mesh with a pinion 81 on a shaft 80 suitably 
supported by the casing 29. This pinion 81 is fixedly 
provided with an arm 82 which is swingable to operate 2 o 
a pair of normally open electrical switches 83a and 83b 
The switch 83a is closed when the arm 82 makes a 
counterclockwise turn as viewed in FIG. 5(a); while the 


and the planet wheels 43. The same rotation imparted 
to the ring cear 44 is also conveyed to the input shaft 26 
via the intermediate shaft 40. Since, however, the input 
shaft 26 then is permitted to rotate only in the forward 
direction as above mentioned, the disks 52 of the pneu- 
matic motor Mp at the start of operation are turned in 
the direction that w ill cause the forw ard rotation of the 
output shaft 1 5 

Upon forward rotation of the output and input shafts 
15 and 26, the sun wheel 34 of the first planet dif- 
ferential means starts rotating in the direction indicated 
by the arrow c in FIG. 6, thereby causing the rotations 
of the planet wheels 35 in the direction of the arrow d. 
Should the ring gear 36 be immovable, the planet 
wheels 35 would revolve along the internal teeth of the 
ring gear 36 while rotating about their own shafts 41. 
But the ring gear 36 is only retained by the springs 68 
through the rack 66, so that the great load applied at 
the time of vehicle starting will at first cause no sub- 
stantial displacement of the planet wheels 35 relative to 
the ring gear 36 but will rotate, the. latter in the 
ulrection of the arrow e via the former By this turn of 


switch 83b is to be closed when the arm turns 
clockwise. The switch 83a is included in a circuit 
adapted for the forward rotation of the electric motor 
Me, which comprises the motor Me, battery B and con- 
tact pair 84a. The other switch 83b is included in a cir- 
cuit for the reverse rotation of the same, comprising the 
motor Me, battery B and contact pair 84b. A movable 
contact 85, which is made to move in coordination with 
the motion of the mentioned carriage 62, closes the 
contact pair 84a upon leftward movement of that car- 
riage 62, and the contact pair 84b upon rightward 
movement of the same as viewed in FIG. 5(a). The 
movable contact 85 is not necessarily secured to the 
carriage 62 as in the drawing, but may be secured fo the 
rod 64 or even directly to the control lever 22, although 
in this latter case the relative positions of the contact 
pairs 84a and 84b may have to be modified ac- 
cordingly. 

FIG 5(a) illustrates a condition prior to the start-up 
of the vehicle, in which the spool 71 of the changeover 
valve V is at rt&cefltral or neutral-position thus-discom- 
mumcating the ports x and y from the port S. The rack 
66 also is centered. The arm 82 of the pinion 81 keeps 
both o>' the electrical switches 83a and 83b opened, and 
the control lever 22 is turned leftward as viewed in FIG. 
5 then by to permit, upon closure of the switch 83a, the 
forwu-d rotation of the electric motor Me. By the left- 
ward Jisplacement of the carriage 62, the roller 61a is 
caugh- between the carriage and the disk 60 so as to 
permit only the forward rotation (indicated by the 
arrow b ) of the shaft 26. The movable contact 85 keeps 
the contact pair 84a closed. 

FIG 6 is illustrated to show a start-up condition, in 
which the accelerator pedal 21 is depressed as in- 
dicated by the arrow in the drawing, thereby causing 
the leftw ard displacement of the spool portion 71a of 
the changeover valve V. At this instant the ports S and 
x are intercommunicated so that the compressed air 
from the port S is made to flow into the intake port X of 
the pneumatic motor Mp via the conduit 14 (refer to 
FIGS 1 and 3). The resultant reciprocation of the 
piston 47 and hence the rotation of the disks 52 is 
•- in n ”ed to the output shaft 15 via the ring gear 44 


the ring gear 36 and hence of the pinion 81 the arm 82 
25 is swung in the direction of the arrow /thereby closing 
the electrical switch 83a. As a result the electric motor 
Me is set in operation almost at the same time with the 
start-up of the pneumatic motor Mp to provide a great 
3Q overall starting torque to the output shaft 15. 

The above explained initial turn of the ring gear 36 
also causes the rack 66 to move leftward in FIG. 6 (in- 
dicated by the arrow g) against the right hand spring 
68. This leftward movement of the rack 66 stops when 
35 the force exerted thereto by the ring gear 36 is counter- 
balanced by that of the spring 68. Thereupon the planet 
wheels 35 start revolving around the sun wheel 34 to 
transmit the rotation of the input shaft 26 to the output 
shaft 15, while this output shaft 15 is also rotated by the 
40 pneumatic motor Mp, so that the vehicle now starts up. 
The mentioned leftward displacement of the rack 66 
causes the portion 71b of the valve spool 71 to move 
leftward as viewed in FIG. 6 via the system of linkages 
70 . 

45 All these actions described in the preceding three 
paragraphs take place almost in an instant. Since the 
vehicle in the above instance of start-up is under no 
greater load than that applied when it goes uphill, the 
5 q port x of the changeover valve V is not fully opened by 
the spool 71 as illustrated in FIG 6. The pneumatic 
motor Mp does not therefore operate at its full capaci- 
ty. Following the start-up the vehicle will run under 
gradually decreasing load, with the result that both the 
55 rack 66 and the spool 71 move rightward in FIG 6 to 
provide a cruising condition illustrated in FIG. 7. 

Referring now to FIG. 7, in which the rack 66 is still 
slightly displaced leftward by the clockwise turning 
force of the ring gear 36 (indicated by the arrow e), the 
60 arm 82 of the pinion 81 keeps the switch 83a closed so 
that the eiectnc motor Me is in motion. In order to en- 
sure the closure of the switch 83a whether the arm 82 is 
swung greatly as in FIG. 6 or only slightly as in FIG. 7, it 
is necessary, or at least desirable, that the movable con- 
65 tact of the switch 83a extend along the course of swing 
of the leading end of the arm and that this leading end 
be so formed as to make some elastic deformation 
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During this cruising condition the rack 66 is only 
si i gh 1 1> moved in the direction of the arrow g as already 
mentioned, so that the valve spool 71 also is moved 
correspondingly leftward as in FIG 7, the accelerator 
pedal 71 being slightly depressed. The valve spool 71 
then closes the port x to stop the supply of air to the 
pneumatic motor Mp, with its output decreased with 
the gradual closure of the port. Thereafter the vehicle 
will be propelled solely by means of the electric motor 
ME 

Illustrated in FIG 8 is a condition when the vehicle is 
going uphill, or when the vehicle runs under greater 
load than that at the time of start-up (refer to FIG. 6) 
The valve spool 71 is this case moves farther leftward 
than its position illustrated in FIG 6. thus substantially 
fully opening the port x. The rack 66 also travels 
toward the leftward extremity of its permitted stroke 
thereby to correspondingly urge the spool portion 716 
in the arrow marked direction in FIG. 8. 

FIG 9 shows a condition when the vehicle is going 
down-hill. In this case the planet wheels 35 are compuL- 
sonly revolved counterclockwise (indicated by the ar- 
rows h) due to the naturally accelerated rotation of the 
vehicle wheels that is transmitted back through the out- 
put shaft 15. The accompanying counterclockwise 
rotation of the ring gear 36 (indicated by the arrow i in 
FIG. 9) causes the rack 66 to move in the direction of 
the arrow j and the arm 82 to swing in the direction of 
the arrow k via the pinion 81. The switch 836 is now 
closed and the switch 83a opened, whereupon the for- 
ward rotation of the electric motor Me terminates. The 
closure of the switch 836 does not initiate the reversed 
rotation of the motor Me since the Contact pair 846 is 
kept closed. Because of the great turning force con- 
veyed from the wheels of the vehicle going downhill, 
the rack 66 is considerably strongly urged in the 
direction j thereby causing a proportionately great dis- 
placement of the spool 71 of the changeover valve V, 
so that its ports S and y are now intercommunicated. 
Since, on the other hand, the piston 47 of the pneu- 
matic motor Mp is made to compress the air trapped 
within the cylinder 27a by the rotation of the output 
shaft 15 and so forth, the pneumatic motor operates 
substantially as a so-called “engine brake” to reduce 
the accelerated motion of the vehicle, 

A condition showing the reverse movement of the 
vehicle is illustrated in FIG. 10, in which the forward 
reverse control lever 22 is turned rightward as viewed 
in the drawing thereby to cause the roller 616 upon the 
carriage 62 to be wedged in between the carriage and 
the disx 60 As a result the input shaft 26 is permitted 
to turn only in the reverse direction as indicated by the 
arrow in the drawing, while the contact pair 846 is 
closed by the movable contact 85. 

Upon depression of the accelerator pedal 21, the 
portion 71a of the valve spool 71 moves leftward (as 
viewed in FIG. 10) off the other spool portion 716 so 
that the ports S and x are intercommunicated. The air is 
now fed under pressure into the pneumatic motor Mp 
from its intake port X, thereby setting the same in 
operation. Since the input shaft 26 is then permitted to 
move only in the reverse direction, the disks 52 of the 
pneumatic motor Mp also are turned in the correspond- 
ing direction. This rotation of the disks 52 is conveyed 
to the sun wheel 34 via the intermediate shaft 40 and 
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thence to the ring gear 36 via the planet wheels 35, the 
ring gear 36 then being turned counterclock * ise ■ a.- ... 
dicated by the arrow i in FIG. 10) virtually for the same 
reasons as those set forth already in connection with 
- FIG 6. The arm 82 of the pinion swings as Indicated by 
the arrow k thereby closing the switch 83b and hence 
initiating the rotation of the electric motor Me in the 
reverse direction 

The rightward movement of the rack 66 (indicated 
1 0 ° 

by the arrow j) is conveyed through the system of link 
ages 70 to the valve spool portion 716. which then i- 
moved oppositely to the other spool portion 71a 
thereby expanding the spring 77. The rack 66 in this 
j j case is not displaced to such an extent as that attained 
in the even: of the downhill drive of the vehicle e' 
plained with reference to FIG. 9, so that the spool por 
tion 716 does not quite close the port y. Hence the air 
supplied to the pneumatic motor Mp is properly ex 
20 hausled therefrom. With both the electric motor Me 
and the pneumatic motor Mp thus rotated in the 
reverse direction, the vehicle will be driven in reverse 
by the large torque delivered by the output shaft 15. 

I claim: 

25 1. An electropneumatic propelling system for a vehi- 

cle comprising a source of compressed air. a turbinc 
driven by air supplied under pressure from said source, 
a generator driven by said turbine, a storage batter , 
adapted for storing electrical energy produced by said 
30 generator, an electric motor driven by electrical energy 
supplied from said storage battery, a pneumatic motor 
driven by air supplied under pressure from said source, 
valve means adapted for the control of air flow from 
said source to said pneumatic motor, and transmission 
35 means to which are connected both said electric motor 
and said pneumatic motor, and which is coupled to the 
driving wheels of the vehicle. 

2. An eiectropneumatic propelling system according 
40 to claim 1, wherein said transmission means comprises 

an input shaft coupled to said electric motor, an output 
shaft coupled to the driving wheels of the vehicle, an in- 
termediate shaft between said input shaft and said out 
put shaft, first planet differential means at one end of 
43 said input shaft associated with .said valve means and 
with said electric motor, and second planet differential 
means at one end of said output shaft to which is con- 
veyed the rotation of said pneumatic motor. 

3. An eiectropneumatic propelling system according 
50 to claim 2, wherein said first planet differential means 

comprises a ring gear loosely mounted on said input 
shaft, a sun wheel fixedly mounted on said input shaft, 
and a plurality of planet wheels meshing with both said 
ring gear and said sun wheel and respectively mounted 
55 on shafts fixed to an integral disk of said intermediate 
shaft, said ring gear being also in mesh with a rack 
adapted for actuation of said valve means. 

4. An eiectropneumatic propelling system according 
to claim 3, wherein said rack is coupled to one of two 

60 separable portions of a spool member of said valve 
means, the other portion thereof being linked to an ac 
celerator pedal of the vehicle, and said two separable 
portions being interconnected by means of an elastic 
member. 

5. An eiectropneumatic propelling system according 
to claim 2, including means for causing said pneumatic 
motor to rotate in the same direction as a prcselec’c ; 
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rotational direction of said electric motor, said mean- 
comprising a disk fixedl) mounted on said input -r.^it 
of said transmission means, a displaceable carnage ad- 
jacent the rim of said disk, a pair of rollers fixedly 
mounted on said carriage with a spacing therebetween, 
a manually actuable control lever linked to said car- 
riage thereby to cause either one of said rollers to be 
wedged in between said carriage and said disk and 
hence to permit said input shaft to rotate only in the 
preselected direction, a movable contact actuated in 
coordination with the movement of said control lever 
to close the corresponding one of contact pairs respec- 
tively inserted in circuits for forward and backward 
rotations of said electric motor, said circuits respective- 
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Iv having electrical switches the corresponding one of 
which is closed by a member associated with said first 
planet differential means upon rotation in the 
preselected direction of said input shaft by the power 
5 supplied by said pneumatic motor. 

6 An electropneumatic propelling system according 
to claim 1, including pneumatic shock-absorbing in- 
stalled between the vehicle body and wheels, and an ac- 
cumulator connected between said source of com- 
l(> pressed air and said valve means, said buffer means 
being communicated with said accumulator in order to 
supply pneumatic pressure produced therein to the 
latter. 

* * * «• * 


Automotive Engineering, November 1976 

Compressed-Air Hybrid 


Some of your readers, who studied 
the interesting article on Electric 
Vehicles in the August edition, 
may like to spare a passing thought 
on the merits of pneumatic vehicle 
propulsion. Almost all the argu- 
ments and relationships presented 
in the paper still hold good if com- 
pressed air is substituted for elec- 
tricity. But the real interest lies in 
the differences. 

It is not likely that a reasonable 
range can be achieved on stored 
compressed air alone, so that a 
hybrid, with an engine covering 
mean power demand to drive the 
air compressor, needs to be con- 
sidered. 

The potential transmission effi- 
ciency of a pneumatic transmis- 
sion is high compared to the elec- 
tric analogue and if heat from the 
charging engine exhaust is used to 
heat the driving air, a transmission 
efficiency in excess of unity is 
possible. In fact, with an open cir- 
cuit layout, such an arrangement 
is necessary to avoid freezing in 
the air motor exhaust. 

There is no limit to the charge or 
discharge rates and no difficulty 
in applying 100% regenerative 
braking. What is more, it is a lot 
simpler to store air at, say, 100 psi 
than to store electric energy in a 
high speed flywheel. There is also 
no battery charging loss and no 
battery weight; the storage weight 
of compressed air is small and it 


all but disappears if chassis mem- 
bers are made to double as air 
receivers. The weight of air motors 
is infinitesimal compared to elec- 
tric drive motors and nothing 
cleverer than a few valves is 
needed for propulsion control. 
There would be two or more air 
motors, so there is no need for a 
differential either. 

The charging engine, which 
either stops or runs at constant 
speed and load, can be tuned to 
maximum efficiency and mini- 
mum exhaust emission and if the 
economy steps found necessary for 
the electric vehicles are applied to 
the pneumatic hybrid, it should be 
possible to attain quite pheno- 
menal fuel mileages. 

Finally, the traditional skills of 
the automotive industry could 
readily encompass the develop- 
ment and production of such a 
vehicle. 

Dr. S. G. Bauer 
Derby, England 
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Air Compressor-Driven Autos 

To the Editor: 

It's a mystery why energy conservation 
efforts have focused on a dead phoenix 
such as the electric car, and the friction- 
plagued flywheel, while our lactories use 
a readily storable 95 percent pollution- 
free energy called compressed air 

Coupling a compressor to the existing 
engine of an auto or truck would provide 
compressed air to air motors driving the 
vehicle wheels. The savings in energy 
would result from shutting the engine o<f 
in an off/on cycle whenever the pressure 
in a small air storage vessel was high 
enough to move the vehicle from stopped 
position such as a stop-light, and as air 
demand decreases in downhill/slowing for 
a stop condition. With the proper air 
circuit design, dynamic braking would be 
achieved with the air motors in a com- 
pressor mode for the latter conditions. 

Since the air supply could be varied to 
meet the road needs, the vehicle engine 
would operate at a constant, most eco- 
nomical rpm to replenish the air. I 
guesstimate a 10-minute supply ot com- 
pressed air in the storage vessel would be 
able to allow the engine to restart on de- 
mand as the vehicle is moving to replenish 
the supply. Naturally, air motor engine 
starting is desirable. 

An existing auto could be modified with 
off-the-shelf compressor, air motors, 
valves, etc. The only design required is 
for adapters to attach the above compo- 
nents, and a special foot-operable pres- 
sure regulator which would leplace the 
accelerator pedal. 

With this arrangement, no transmission 
is necessary. 

Irving Weinberg 

St Louis, Mo 
Mem ASMb 
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ABSTRACT OF THE DISCLOSURE 

A turbine drive system for propulsion of a vehicle and 
in which the turbine is driven by air compressed by a 
compressor which is driven by an electric motor, the 
motor being operable by batteries in circuit with an al- 
ternator which is driven by the turbine. 


The present invention relates to a fluid pressure system 
for operating a vehicle drive, and more particularly to 
a system in which a battery operated motor is utilized to 
operate the means for supplying fluid under pressure to 
operate the vehicle drive. 

It is an object of the present invention to provide a 
fluid pressure system for operating a vehicle drive to 
propel a vehicle, and which is economical to operate, rela- 
tively inexpensive to manufacture, and completely free 
of the noxious and irritating gases which characterize the 
operation of conventional internal combustion engines. 

Another object of the invention is to provide a fluid 
pressure system of the aforementioned character which 
is characterized by simplicity of construction, relatively 
few moving parts, and a simple to operate fluid flow throt- 
tle for regulating the speed of the vehicle. 

Yet another object of the invention is to provide a fluid 
pressure system of the aforementioned character which 
includes a compressor for supplying compressed air to a 
reservoir coupled to a turbine which is connected to the 
vehicle drive, and which further includes a battery oper- 
able electric motor to drive the air compressor. The bat- 
tery circuit includes means for detachably coupling the 
circuit to a separate source of enregy for periodicaliy re- 
charging the batteries, so that the vehicle can be driven 
during the day under battery power, the circuit plugged 
into a separate source of electrical energy for overnight 
recharging of the batteries, and the vehicle again driven 
the following day on the recharged batteries. 

Other objects and features of the invention will be- 
come apparent from consideration of the following de- 
scription taken in connection with the accompanying 
drawings, in which: 

The lone drawing figure is a diagrammatic view of a 
fluid pressure system for operating a vehicle drive accord- 
ing to the present invention. 

Referring now to the drawing, there is illustrated a 
fluid pressure system 10 for operating a vehicle drive 12 . 
The driven vehicle (not shown) may be a boat, aircraft, 
motor vehicle or the like, and for illustration is sometimes 
referred to herehj as an automobile. 

The vehicle drive 12 includes a transmission 14, a dif- 
ferential 16 connected to and operated by the transmis- 
sion 14, axle sections 18 rotatable by the differential 16, 
and wheels 20 capried by the axle sections 18 for rotation 
to propel the associated vehicle or automobile. The 
wheels 20 are uspally the rear wheels of the automobile, 
(he front wheels being omitted from the drawings for 
brevity. 

The differential 16 is conventional in charcter, being op- 
erative to pernijt the wheels 20 to rotate at different 
speeds, as when (he automobile is rounding a corner. The 
transmission 14 is operative to select a desired vehicle 
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speed or to back the automobile, as is well known. Since 
these components are so well known in the art, details 
of their construction and operation are omitted for brevity, 
it being important primarily to note that they are merely 
5 exemplary of one form of vehicle drive which is operable 
by the fluid pressure system 10. 

'Jhe fluid pressure system 10 includes, generally, a 
turbine 22 having a vaned rotor 24 whose siiaft 26 is con- 
nected to the transmission 14, the rotor 24 being fo- 
ld sponsive to fluid under pressure to operate the vehicle 
drive 12, as will be seen. The system 111 further includes 
a means or apparatus 28 which is operative to supply fluid 
under pressure to the turbine 22; an electric motor 30 for 
operating the apparatus 28; a plurality of electric batteries 
15 32 in circuit with the motor 30 for energization thereof; 
generating means connected to the rotor shaft 26 for gen- 
erating electrical energy for the batteries 32; a voltage 
regulator 34; and an electrical plug 36 or the like for de- 
tachably coupling the battery and motor circuit to a sep- 
20 arate source of energy for periodically recharging the bat- 
teries 32, as will be described in more detail below. 

The turbine 22 is exemplary of one form of air motor 
which is operative to convert pressurized fluid into the 
mechanical energy necessary to rotate the drive or rotor 
25 shaft 26 for propelling the automobile. The turbine 22 
is only diagrammatically shown since the details of its 
construction arc conventional. The turbine rotor 24 is 
driven at relatively high rotational speeds by pressurized 
fluid passing from a pressure tank, receiver, or reservoir 38 
30 through a conduit 40 and under the control of a throttle 
valve 42 located in the conduit 40. 

The valve 42 is of conventional construction, including 
a movable section (not shown) which is operative by a 
throttle linkage 44 to close off and thereby regulate the 
35 flow of fluid through the conduit 40. The linkage 44 ex- 
tends into a position for easy operation by the vehicle 
driver so that the speed of the vehicle can be closely con- 
trolled. 

The fluid preferably utilized in the fluid pressure sys- 
40 tern 10 is compressed air which is compressed by means 
of a compressor 46, the compressor 46. the reservoir 38, 
and the valve 42 comprising the previously mentioned ap- 
paratus 28 for supplying compressed air to the turbine 
22. The compressor 46 is preferably a conventional 
45 positive displacement piston type, and is connected to the 
reservoir 38 by a conduit 48. In addition, if the vehicle 
with which the system 10 is associated operates at com- 
paratively high speeds, the intake end of the compressor 
46 is also provided with an air intake scoop 50 to receive 
* r)tl ram air for compression. 

The compressor 46 is mechanically coupled to the elec- 
tric motor 30 which, as previously indicated, is energized 
by electrical energy from the batteries 32. The motor 30 
r _ is conventional in construction and is connected by suit- 
able electrical leads 52 to a motor-battery circuit 54, 
the plug 36 being connected to the circuit 54 by leads 
56, and the batteries 32 being connected to the circuit 
54 by leads 58. 

DO When the driven vehicle is not being operated, the 
circuit 54 can be utilized for recharging the batteries 32. 
This is done by connecting (he plug 36 to an outside or in- 
dependent source of electrical energy (not shown), such 
as the usual household circuit of a residence. Since the 
05 system 10 illustrated is a direct current system, the usual 
alternating household current would have to be suitably 
lectificd to operate the motor 30 and recharge the bat- 
teries 32. However, the system 10 could alternatively be 
made an alternating current systems, if desired, except 
tor rectification of the charging current to the batteries 
32, as will be apparent. Normally the motor 30 is op- 
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crated by electrical energy drawn from the batteries 32 
through the electrical circuit 54. 

A number of other conventional components are also 
used in conjunction with the reservoir 38, motor 30 and 
batteries 32, but their description has been omitted lor 5 
brevity and because the need for their inclusion will be 
apparent to those shilled in the art. For example, a suit- 
able switch (not shown) is incorporated in the circuit 54 
in order to connect and disconnect the motor 30 from the 
batteries 32; safety fuses (not shown) would be incorpo- ^ () 
rated in the circuits where needed; and pressure relief 
valves would be used with the compressor 46 and reser- 
voir 38 to vent dangerously high pressures. 

A voltage regulator 34 is incorporated in the circuit 
54, being electrically coupled to a generator (it) which is j,rj 
operative in the maimer of the usual automobile generator 
to recharge the batteries 32 under certain conditions. The 
generator 60 is coupled by a chain or pulley drive 62 to 
the rotor shaft 26 so that during operation of the turbine 
22, tiic generator 60 applies electrical energy to the 20 
batteries 32 at such times as the batteries are not discharg- 
ing at a high rate, as during a downhill run of the vehicle. 
Only limited recharging of the batteries 32 is possible 
during operation of the vehicle, the batteries 32 being 
periodically recharged by coupling of the circuit 54 to 25 
the separate source of elec! rical energy, ns above-indicated. 

Although not .shown, the reservoir 33 can also be 
provided with means enabling its connection to a sepa- 
rate source of compressed air, such as would be avail- 
able in an automobile service station. This would permit go 
the reservoir 38 to be pressurized to the desired level 
without running the me tor 30 and compressor 46. as on 
initial start-up. Ordinarily however, the pressure level in 
the tank 38 can be maintained for a considerable period 
of time so that such outside pressurization will usually 35 
not be necessary. 

In operation, the circuit 54 is coupled to the vehicle 
owner’s residential electrical circuit for overnight charg- 
ing of the batteries 32, the capacity and number of 
batteries 32 preferably being such that the vehicle can 40 
be operated at moderate speeds during the day without 
additional charging. Upon disconnection of the circuit 
54 front the household circuit, a suitable switch (not 
shown) is operated to connect the motor 30 to the 
batteries 32 to thereby operate the compressor 46. When .15 
the appropriate pressure level is reached in the reservoir 
38, the operator actuates the throttle linkage 44 to open 
the throttle valve 42 and thereby supply compressed air to 
the turbine rotor 24. Consequent rotation of the rotor 24 
drives the wheels 20 to propel the vehicle, as will be gp 
apparent. 

From the foregoing it is seen that a fluid pressure .sys- 
tem has been provided for operating a vehicle drive, and 
which for this purpose utilizes a turbine operated by fluid 
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under pressure provided by an apparatus 23 which is 
driven by an electric motor 30 deriving its energy from a 
plurality of batteries 32. 

Various modifications and changes may be made with 
regard to the foregoing detailed description without de- 
parting from the spirit of the invention or (he scope of 
the following claims. 

I claim: 

1. A fluid pressure system for operating a vehicle drive 
to propel a vehicle, said system comprising: 

a turbine having a vane.! rotor for connection to said 
vehicle drive and responsive to fluid under pressure 
to operate sa.id vehicle drive; 

means normally operative to continuously supply said 
fluid under pressure to s: i.i turbine and including a 
throttle valve for regulating the rate of flow of said 
fluid to said turbine; 

an electric motor connected to said means for opera- 
tion thereof: 

elect! ic batteries in circuit with said electric motor for 
energization thereof: 

generating means connected to and operative by said 
rotor for generating electrical energy, said generat- 
ing means being coupled in said circuit with said 
batteries: 

a voltage regulator in said circuit; 

and means for detachably coupling said circuit to a 
separate source of energy for periodically recharg- 
ing said batteries, 

2. A fluid pressure system according to claim 1 where- 
in said first-mentioned means includes ai air compres- 
sor connected to said motor, and 

a compressed air reservoir coupled to said air com- 
pressor and coupled to said tut bine through said 
llirottic valve. 

3. A fluid pressure system according to claim 2 where- 
in said air compressor includes an air intake *coop opera- 
tive to receive ram air during forward movement of said 

vehicle. 

4. A fluid pressure sy-tem according to claim 1 and 
including means for conveying fluid exhausted from said 
turbine to said first-mentioned means. 
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ABSTRACT OF THE DISCLOSURE 

A low-polluting fossil-fueled engine and drive system 
is achieved by utilizing in combination an internal com- 
bustion engine operatively associated with a compressor, ] 
an interburner which completes the combustion of un- 
burned hydrocarbons and carbon monoxide from the in- 
ternal combustion engine, a gas turbine which recovers 
power from the hot exhaust leaving the interburner and 
a compressed air reservoir which serves as a power stor* ->s) 
acc tank and which supplies compressed air to a plurality 
of air motors. 


FIELD OF THE INVENTION 

This invention relates in general to an internal com- 
bustion engine driven power train More particularly, it 
relates to an improved engine and drive system which 
affords high efficiencies of operation while at the same 
time greatly reducing the amounts of pollutants emitted ;o 
to the sunoundinc atmosphere. In its most specific form 
the invention is directed to a low-polluting gasoline pow- 
ered engine and drive system for use in an automobile. 

During the last fifty years the high compression ratio 
gasoline eneincs used in today’s automobiles have been 
improved almost to the point of perfection. Their most 
desirable performance characteristics are a quick response 
to level of power and their low ut.'H.P. ratio. However, 
when exhaust emission is considered, the widely variable 
operating characteristics which are essential to today’s 
directly driven automobile power systems cause difficul- 
ties in the design of an optimum exhaust elimination sys- 
tem. To date, various methods of the reduction of exhaust 
pollutants have been tried. These include, for example, 
the use of a catalytic afterburner and some recycling of j- 
exhaust gases. However, the methods of eliminating pol- 
lutants tried to date decrease the driveability of the ve- 
hicle: that is, looses are experienced in some of the operat- 
ing characteristics of the engine and power train. 

In i he last five years steps have been taken to curb the - iU 
air pollution due lo internal combustion engines. In re- 
sponse to the need for reducing pollution, automobile 
manufacturers have started installing the so-called “Mow- 
in'’ devices in most of their models for recirculating and 
burning gases which escaped from the cylinders passed - 
the pi cuvs. Many of these gases are mainly hydrocar- 
bons that earlier models vented into the atmosphere. 
However, exhaust pipe eases still remain as the major 
source of automobile cmbsior.s to the atmosphere. These 
gases include carbon monoxide, nitrogen oxides and f . fl 
hydrocarbons. 

The problems encountered in attempt in e to eliminate 
exhaust pollution may be understood fmm the following 
brief discussion. The power train of the present car is 
basically a direct drive system and. hence, the operation - 
of its eneinc must meet all driving conditions 7 his in 
turn introduces a tremendous transient variation in the gas 
flow rates through the engine, in the exhaust temperature 
and in the cxh.itol composition. Any device which is 
attached >o ukh an engine mu si also be effective under . (| 
such widely varying conditions. Lor c v ample variation 
in air How rate may easily he 2d to M) fold between full 
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throttle operation and idle with the tir. e required for such 
change being on the order of one second. The difficulty 
of meeting such adverse requirements is manifested abun- 
dantly in the literature. It will also be appreciated that the 
present configuration of direct drive power trains requires 
inefficient part-throttle operation for the majority of the 
time and a large engine capacity (several hundreds of 
horsepower not being uncommon) which is rarely used 
or required. 

Newer standards for motor vehicle air pollutants are 
now being developed under the federal “Motor Vehicle 
Atr Pollution Control Act of 1965.” In response to this, 
automobile manufacturers are attempting to provide the 
necessary controls over such emissions by various meth- 
ods, such as the one cited above and other modifications 
of the engine. While work is also proceeding on new 
drives based on fuel cells, large capacity electric storage 
batteries, and even solar energy systems, it will be under- 
stood that these are still in the earliest stages of develop- 
ment. It must, therefore, be appreciated that the burning 
of highly refined fossil fuels still remains and will re- 
main for many years to come at the heart of the motor 
vehicle industry. 

SUMMARY OF THE INVENTION 

The device of the instant invention is thus directed 
towards achieving substantial reduction in the pollutants 
emitted by a fossil fuel (e.g. gasoline) powered internal 
combustion engine and drive system. This, according to 
the teachings of the instant invention, is accomplished by 
utilizing an interburner, a single stage turbine, an air com- 
pressor, and an air storage tank in combination with the 
internal combustion engine. The engine may. for example, 
be operated with about a 10:1 air-lo-fuel ratio and the 
interburner then serves to complete the combustion of un- 
burned hydrocarbons and carbon monoxide with addi- 
tional air being supplied by an air blower driven by the 
single stage turbine. The single stage turbine recovers 
power from the hot exhaust leaving the interburner. The 
air blower further supplies compressed air to the com- 
pressor. The turbine may also be used to supply power to 
a generator and water pump of a conventional type, 

When used in an automobile, power may be delivered 
to the wheels through a series of wheel-mounted air 
motors or a single partial admission impact turbine w;:h 
a proper reduction system. These motors or the impact 
turbine are. of course, driven by compressed air sup- 
plied by the compressor. The compressed air tank serves 
as a power storage tank and supplies compressed air for 
peak demand, e g. during acceleration as well as the 
power required for ordinary operation. When the wheel- 
mounted air motors are used, the engine and drive sys- 
tem of the instant invention eliminates the transmission, 
differential and drive shaft necessary in current auto- 
mobiles. At the same time four wheel traction may he 
provided and a savings in weight and maintenance costs 
may be achieved. In this regard, in a preferred embodi- 
ment it is envisioned that the compressed air tank re- 
quired for the system can be integrated with existing 
structural members in an automobile, thus achieving 
additional savings in weight. 

!t will be appreciated by those skilled in the art that 
the operation of the engine may be automatically con- 
trolled by the pressure of the compressed air in its stor- 
age tank. The driver would only have to control a suit- 
able valve on the inlet ol the air motors or impact tur- 
bine to regulate the air flow to and. hence, the speed o' 
the wheel mounted ah motor*, ot impact turbine The 
devicc of the instant invention provides better accepta- 
tion characteristics, which are limited only b\ the ca- 
pacity of the compressed ait storage tank and the size of 
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the sir turbine while allowing the use of an optimum 
sized engine which may be quite small and very eco- 
nomical at an efficient, steady full throttle operation. 
Thus, aside from its low pollution aspects, the instant 
invention offers great advantages in that it eliminates . 
both the need for a large engine whose peak output is 
rarely used and a conventional transmission. It will be 
understood that the system herein described is eliminating 
transient situations which are constantly occurring in to- 
day's high compression internal combustion engines and j 
their drive systems during city driving and replacing them 
with a capacitive storage system which can furnish the 
transient energy demands when required. 

Thus, it is an object of the instant invention to pro- 
vide a low-polluting, fossil-fuel powered engine and drive ; 
system. 

Another object is to provide a low-polluting gasoline 
powered engine and drive system for use in an automo- 
bile or other vehicle. 

Yet, another object is to provide a drive system which g 
has excellent driveability, i.e. high tractability and high 
peak power reserves, which can eliminate many of the 
standard drive components present in today’s vehicles 
and which allows the use of smaller engines. 

These and other objects as well as a fuller under- ■; 
standing of the invention may be had by reference to the 
accompanying detailed description and by referring to 
the drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic representation of the low- 
polluting engine and drive system of the instant inven- 
tion. 

FIG. 2 is a graph depicting the relationship between 
the air/fuel ratio and the amounts of various combus- ; 
tion products present in the exhaust of an internal com- 
bustion engine. 

FIG. 3 depicts schematically the use of the instant in- 
vention in an automobile. 

Referring to FIG. I in detail, a fuel. e.g. gasoline, 
and fresh air are introduced into an internal combustion 
engine through the lines 1 and 3 respectively. These arc 
mixed in a carburetor (not shown) so that an air/fucl 
ratio in the range of 8:1 to 12:1 and preferably about 
10:1 exists. The exhaust gases leaving the engine via the 
conduit 10 are thus rich in unbumed hydrocarbons and 
carbon monoxide. A negligent amount of the oxides of 
nitrogen is also present. The gases in conduit 10 are 
in the temperature range front about 1800 to 2100“ R. 
and preferably about 2000“ R. and they are at a pres- - 
sure in the range of from about 2 to 5 atmospheres and 
preferably about 4 atmospheres. From conduit 10 these 
hot exhaust gases enter an interburner 8 where sufficient 
oit hating a pressure in the range from about 2 to 5 
atmospheres and preferably at about 4 atmospheres is 
introduced via the line 12 to result in an air-to-fucl ratio 
in interburner 8 in the range of about 30:1 to 50:1 and 
preferably about 40:1. The introduction of this large 
excess of air into interburner 8 results in drastic reduc- 
tions in the amount of unburned hydrocarbons and re- p 
sidual carbon monoxide present in the exhaust gas with- 
out forming oxides of nitrogen. The entering air also 
causes a decrease in the temperature so that the gases 
leaving interburner 8 through the line 9 have a tem- 
h ;r-..jre in the range from about 1400 to about 1800“ i; 
and preferably in the range of about 1400 to 1600’ F. 

By maintaining the temperature in the range of about 
1400 to 1600“ F. the use of high temperature alloys is 
avoided in the single stage turbine 20. The gases from 
line 9 are conducted into an inlet 26 of the single stage - 
turbine 20 which is operated so that the ratio of inlet 
pressure to outlet pressure is in the range from about 
5:1 to about 2:1 and preferably in the range of about 
4:1. Single stage turbine 20 recovers the energy from 
the hot exhaust gases and the power so recovered is - 
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transmitted via the shaft 32 to an air blower 16 and other 
auxiliary equipment such as water pump 28 and gener- 
ator 30. Water pump 28 and generator 30 may he driven 
by a series of pulleys ns indicated in FIG. I. The fully 
expanded gases leave turbine 20 through the outlet 24 
and arc then exhausted to the atmosphere or partially 
recycled via the line 22 to internal combustion engine 2. 

It will be appreciated by those skilled in the art that the 
power level of the internal combustion engine can be 
controlled by properly proportioning the recycle in line 
22 wilh the fresh ambient air. This proportioning could 
be easily accomplished by means of a control valve (not 
shown) on line 22. which is responsive to the pressure 
in tank 40. 

As will be further discussed, the formation of nitro- 
gen oxides in an internal combustion engine is almost 
unavoidable. Whenever high temperature flames are pres- 
ent, these oxides will be formed. However, one way of 
minimizing this formation is carrying out the combus- 
o tion under a reducing atmosphere; that is, under fuel 
rich operations. This brings about predominantly those 
reactions which tend to consume carbon monoxide and 
the hydrocarbons thus starving oxygen to the nitrogen 
oxide reactions. Any unburned hydrocarbons and carbon 
:> monoxide formed under fuel rich conditions are elim- 
inated as hereinbefore discussed in the interburner 8 with- 
out materially raising nitrogen oxide levels. 

Returning lo the discussion of FIG. 1. it is seen that the 
shaft 32 drives an air blower 16. Air blower 16 draws in 
:n fiesh air through inlet 18 and delivers this air at an in- 
creased pressure in the range from about 2 to about 5 
atmospheres and preferably at about 4 atmospheres 
through the line 14 to air compressor 5. It also supplies 
air via the lines 14 and 12 to the interburner 8 as herein- 
before mentioned. Air compressor 4 is designed to oper- 
ate with inlet pressures to outlet pressures in the range 
1:3 through about 1:6 and preferably about 1:5. Ihus, 
with air entering the line 14 at about 4 atmospheres the. 
outlet line 50 from compressor 4 will contain air in the 
O' range of about 20 atmospheres pressure. Fine 50 is in 
communication with an air storage tank 40. Lnder nor- 
mal operating conditions this tank is fully charged and 
delivers compressed air through the line 46 and the valve 
48 and the lines 44 to a scries of air motors (only one of 
, which is shown) 42 or turbine which represent the final 
drive clement. It will be appreciated that the valve 48 
may he effectively used as a throttle and during periods 
of peak demand, for example, during acceleration, valve 
48 would he o pencil to a substantial extent thus allow ini* 
f) the energy represented by the compressed air in tank 40 
to be delivered to the drive turbines 42. 

It may be calculated that if air tank 40 has a capacity 
of approximately SO cubic feet and the air in the tank were 
under a pressure of about 20 atmospheres, the usable 
5 stored energy would be equivalent to about 150 HP. 
minutes. To put this in its proper prospective, the M.P. 
minutes of energy necessary to accelerate a car weighing 
approximately 4000 lbs. from a standing start to M) 
M.P.H. is somewhere in the range of 20 H.P. minutes. 
0 While this fie lire is subject to slight chances, it is more 
or less independent of the total time elapsed. 

While a separate air compressor has been shown in 
FIG. I being driven by the internal combustion engine 2, 
it would be readily appreciated by those skilled in the ait 
.*> that these two units could be combined and in clFcct the 
net result could be achieved by the use of a free pi si cm 
engine; that is. an engine having a power portion and a 
compression portion. In this regard, it is to be pointed out 
that both two and four cycle free piston engines cam Id be 
0 advantageously and suitably used due lo their efficiency 
in producing high pressure compressed air and due to 
their mechanical simplicity. It will abo be appreciated 
that a small engine rated, for example, at hO dynamometer 
H.l\. which corresponds to about 40 axle II P., amid be 
5 used to achieve the same degree of driveability now ob- 
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tained using engines having dynamometer horsepower 
ratings in the range of 200-300. It has been estimated 
that a 4000 lb. vehicle requires 40 axle horsepower to 
maintain a steady speed of 80 m.p.h. Since vehicles of this 
type frequency have large engines often having dynamom- 
eter horsepower ratings of about 300 (producing axle 0 
horsepowers of about 200), the differential in axle horse- 
power is not used except during periods of maximum 
acceleration. 

The following advantages can be obtained by employ- 
ing a free piston engine in the system of the instant inven- 
tion: The ability to vary the compression ratio; a low 
horsepower-to-weight ratio due to the elimination of the 
engine crank shaft and compressor drive shaft, since the 
compressor and engine are in a single unit; high opera- j 
tional flexibility and multifuel capacity (i.e. cither diesel 
or spark ignition); low conversion loss by direct com- 
pression of air in the same cylinder and by the same 
piston; and independent operation of each unit. In regard 
to this last mentioned point, the independent operation a 
feature of the free piston engine is particularly useful for 
pollutant control. For example, if a total steady lower 
level of 60 dynamometer H.P. is required and working 
with the conditions hereinbefore discussed (i.e. 10:1 air- 
to-fucl ratio) the turbine 20 will provide about one-third j 
of the required power, remaining two-thirds (40 H.P.) be- 
ing provided by the free pistons. Since a free piston 
engine can operate independently, this power can be pro- 
duced by two independent 20 H.P. free piston engines 
rather than a single 40 H.P. unit. In city driving, only one :; 
of these 20 H.P. engines and part load operation of the 
turb’-c 20 can provide a 30 H.P. system. This power level 
can be reduced by higher exhaust recycle when the steady 
demand is low. This is a feature which the common 
engine cannot provide and which would allow a small city 
car which would be optimum front both the pollution and 
performance standpoints. A simultaneous two engine- 
operation as just discussed can be automatically actuated 
by the pressure in tank 40. Other advantages of this two 
engine system would include increased reliability ( i.e. I 
non-stalling) and its resulting safety. 

Reference will now be had to FIG. 2 to explain in 
greater detail how the engine and drive system of tl. 
instant invention reduces exhaust pollutions. Ihrce 
curves A. B and C representing respectively the amount t 
of oxides of nitrogen, carbon monoxide and hydrocar- 
bons present in the exhaust gases of an internal combus- 
tion engine under varying air-lo-fucl ratios arc shown. 

By referring to these curves, the manner in which the 
instant engine and drive system reduces the amount of 5 
pollutants w ill become clear. Thus, in the combustion stop 
taking place in engine 2, it has been indicated that the air- 
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able with today's common internal combustion cneincv 
Tabic 1 below presents a comparison of the amount of 
pollutants present in the exhaust of the instant engine 
and drive system ns compared to those present in t he 
exhaust of current internal combustion engines operating 
at their most efficient level and also under poor condi- 
tions. This table illustrates dramatically the reduction in 
exhaust gas pollutants which may be obtained using the 
device and teachings of the instant applications. 


Pollutant 

Dl-Viiv of 
Instant 
invention 

Ini. combustion engine 

Kit', -tout Poor 

lev- is conditions 

llydriHwi l>ons tn.p.m.l 


-.son 

1.1*0 

Carbon r.umoxido, percent 

Tiiht 

4 

ti 

Nitron * ii O suit's t|> pan.) . 

-go 

2. OOP 

ft. IM) 


FIG. 3 illustrates diaerammatically an automobile uti- 
0 lizing the engine and drive system of the instant inven- 
tion. In operation fuel contained in a fuel tank 64 is fed 
through the line 66 to a carburetor 68 where it is mixed 
with air entering through the line 70, the air-to-fuel ratio 
being set at about 10:1 by the carburetor 68. This fuel 
- rich mixture then flows into the engine 2 which either 
drives a compressor 4, or in the ease where a free piston 
engine is employed, compresses ihe air itself. Hot ex- 
haust gases flow through t! c manifold 10 into the inter- 
burner 8 and then through the turbine 20 as hereinbefore 
o described. The turbine 20 dri.es an air blower 16 through 
the shaft 32 and supplies the power tor a generator 30 
and a water pump 28 through a power train comprising 
a scries of bells and pullcvx. The exhaust from the tur- 
bine leaves through the exhaust pipe 13 which exits the 
gas at the rear of the car. 

Blower 16 having an inlet 18 supplic . air to the com- 
pressor 4 through the conduit 14 and also serves to sup- 
ply air to the interburner 8 through the conduit 12. This 
air in the preferred embodiment has a pressure in the 
*» range of about 4 atmospheres. ('oniprc-ssor 4. which pref- 
erentially operates with an outlet to-inlet pressure ratio 
of about 5:1, compresses the air to about 20 atmospheres 
and this compressed air is fed through conduit 50 to an 
air storage chamber. As illustrated in I 1(1 3. this cliam- 
her may be composed in part of the Mruclural members 
of the car itself. I hus. channel members 52 ma\ be suit- 
ably formed h> as to contain air at the requisite pres- 
sures. These channel members, it desired, can he in co m 
munication with bumper 51 which m.r\ also be f lb: icat-M 
0 so as to contain an. If additional air sto age capacity o 
required, the structural members and the bumpers may 
be in communication with an air -torage tank 40. Jha-. 


to .uel ratio is in the range of about 8:1 to 12:1 and the instant application envisions the mdi/ahon of the 
preferably about 10:1 as indicated by the dotted line. various structural components present m tod p. \ aiito- 
This then produces exhaust gases which have a suhstan- 05 mobile to provide storage space foi compressed air h ;s 
tial percentage of unburned hydrocarbons and carbon possible that the entire air storage iapa. i:\ needed 
monoxide and a small amount of nitrogen oxides. I his is be obtained by suitable roe of the \ ;u ion- •.true -u;;d cum- 
in contrast tc today's standard automobile engines whivh ponents present in the tar without the need (or prox.di.u. 
operate with air-to-fucl ratios somewhat higher, e.g. in an auxiliary tank as illustrated 

the range of 12 to 1 5 : 1 . which again referring to the curve ho During normal operation the one: c 2 m.l. A, me. 
would give somewhat less amounts of the carbon monox- com pro*, or 4 arc run at con -tarn speed ar-.l :hc ,i r ark 
ide and hydrocarbons but would greatly increase the 40 and its associated storage men. bets. . r 52 m : 
amount of oxides of nitrogen present. Upon exiting from tire normally tilled. I hus. compressed an leases the !i: “ 
’he inter m! : ombusti vn engine, the exhaust gases of the 44 and is regulated b\ a -unable \awim; .,r ; .m -ena :.i 
instant invention arc as hereinbefore mentioned intro- •••'> indicated sthcmatic.dh at 48 trom where 4 is led ihwxti • 
duccd into an intcrbumcr. It will be recalled that this a plurality of lines 44 to air turbines 42 situated on die 
interburncr is operated so thatt the air-to-fucl ratio is in axle of each of the wheels of the vehicle. It will ;v uudci- 
the tango of about >0:1 to 50:1. Again by referring to stood that the vehicle can readily be desi ;ncd to he a 

HO. 2. it is seen that by operating at these high air-to- four-wheel dii\cn vehicle or to have (bunt wheel do • 

fuel ratios the amounts of carbon monoxide and hydro- *0 or rear wheel diivc or any combination thereof Dm it •: 
carbons present are greatly reduced without materially conditons of peak demand, e g .wceler.iti'in. ih>* \.d\u c 
changing the level of nitrogen oxides present. Thm. by arrangement 48 can be automatically controlled p. ; 

operating the instant invention in the manner hcrcinhc- f nil power is delivered to eaJi of the wheel tu.-bi.-v- 

foi c described, the pollutants of the exhaust ea- are Similarly, when the car is at idle and stoiace tank 40 is at 
gieatly reduced in comparison to what is currently avail- 75 full capacity, the power output of the engine and com- 
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pressor may be suitably adjusted as hereinbefore dis- 
cussed. 

In addition to the advantages afTording a high efficiency, 
low-polluting engine and drive system as hereinbefore 
discussed, the instant system possesses the further advan- . 
tage of being readily adaptable so as to provide the power '' 
for accessories which are becoming standard on many 
of today's vehicles. Thus, for example, the compressed 
air from the storage system 40 may be used to supply 
the energy for power brakes and power steering through | ( , 
the use of a suitable valving arrangement and air pistons 
and cylinders (not shown). 

Another advantage is the simplicity with which this 
system may be adapted to supply air conditioning for 
the interior of the vehicle. Thus, if air conditioning were j.-, 
desired, it could readily be accomplished by simply add- 
ing a take-off line 62 from the compressed air storage 
and expanding this through a suitable expansion valve 56. 
then leading the expanded and hence cooled air through 
a conduit 60 and then through an inlet manifold 58. 20 

Although the foregoing invention has been described 
in some detail by way of illustration and examples for 
purposes of clarity and understanding, it should be under- 
stood that certain changes and modifications may be 
practiced within the spirit of the invention. For example, 2--« 
using the same general arrangement of the internal com- 
bustion engine, interburner, and turbine (thus retaining 
the low-polluting characteristics of the primary power 
supply) the air compressor, air blower, air storage, and 
the air motors could be replaced by another type of .’10 
energy conversion and storage means. Thus, the air com- 
pressor and the air blower could be replaced by electric 
genwiators for converting the shaft power derived from 
the internal combustion engine and turbine into the elec- 
trical energy. This energy could then be stored in a stor- 35 
age battery bank which in turn could drive a plurality 
of elect’ic motors for driving the car. 

What is claimed is: 

!. In an automobile of the type having a free piston 
internal combustion engine, said engine having a power 
portion and a compre ..van portion, the improvement 
which comprises in combination, an interhurner for re- 
ceiving exhaust gases from the power portion of said 
engine, said interhurner having an outlet, a turbine hav- 
ing an inlet in communication with the outlet of said 
interhurner. an air blower driven by the power rccov- la 
cred by said turbine for supplying air under pressure to 
said compressor portion and to said interhurner, a com- 
pressed air reservoir for receiving compressed air from 
said compcssor portion and a plurality of air motors 
driven by the compressed air from said air reservoirs for 
driving said automobile. 

2. The combination of claim 1 further characterized 
in that said compressed air reservoir forms a portion of 
the structural members of said automobile. 

d. The combination of claim 2 wherein said automo- 
bile is equipped with bumpers, said bumpers being hol- 
low and forming part of said air reservoir. 

4. A process for obtaining power using a gasoline fuel 
which comprises the folowing steps in combination: 

(a) injecting a fuel rich mixture having an air-to-fuel ^ 
ratio in the range of 8:1 to 12:1 into the combus- 
tion chambers oi an internal combustion engine, 
thereby producing an exhaust gas rich in unbumed 
hydrocarbons and carbon monoxide: 
fb) introducing said exhaust gas into an interburner 
and completing the combustion of said hydrocarbons 
and carbon monoxide by introducing excess air into 
said interhurner whereby an air-to-fuel ratio of 25:1 
let 50: 1 is obtained in said interburner: 

(c) p.issinc the hot gases froiu said interhurner through * 
a gas turbine whereby power is recovered therefrom; 

Id) utilizing the power recovered in step (c) to drive 
an air blower which supplies compressed air having 
a pressure in the range from about 2 atmospheres to 75 
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nhout 5 atmospheres to said interhurner and to 0 
compressor driven by said engine: 

(e) further compressing the air from step (d) in said 
compressor to a pressure in the range of from about 
1 5 to about 25 ntmospheres: and 

(f) using the further compressed air to supply the driv- 
ing power for a plurality of air motors or impact 
turbine. 

5. The process of claim 4 further characterized it. 
that said fuel rich mixture has an air-to-fuel ratio of 
about 10: 1, the interburner is fired with an air-to-fuel ratio 
of about 35.1, said blower supplies air having a pressure 
of about 4 atmospheres and said further compressing 
produces air at a pressure of about 20 atmospheres. 

6 . The process of claim 5 further characterized in 
that the exhaust gas leaving said internal combustion 
engine is at a temperature of from about 1800 to 2100’ 
R, and a pressure of about 4 atmospheres, the gas exiting 
said interhurner has a temperature in the range of irom 
about 1400’ to about 1600° R. and said turbine is a 
single stage turbine having an inlet pressure to outlet pres- 
sure ratio of about 4:1. 

7. A method for reducing pollution from an automo- 
bile having a gasoline fueled internal combustion engine 
which comprises the following steps in combination: 

(a) burning 3 fuel rich gasoline/air mixture in said 
engine; 

(b) further combusting the exhaust gases from said 
engine in a large excess of air; 

(c) recovering power from the further combusted 
gases resulting from step (b) in a turbine; 

(d) utilizing the power recovered in step (c) to drive 
an air blower for supplying the excess of air used 
in step (b) and for supplying air to a compressor 
driven by said engine; and 

(e) using compressed air produced by said compressor 
to supply the power to drive at least one air motor 
which in turn drives the wheels of said automobile. 

8 . A drive system which comprises in combination: 

(a) an internal combustion engine having an inlet for 
air and fuel and an outlet for exhaust gases; 

(b) an interhurner having an inlet in communication 
with said exhust gas outlet, said interhurner com- 
pleting the combustion of unburned fuel and having 
an outlet for exiting hot gases; 

(c) a gas turbine having an inlet in communication 
with the outlet of said interhurner, said turbine re- 
covering power from said hot gases; 

(d) an air blower driven by said turbine and supply- 
ing air to said interburner; 

(c) an air compressor directly coupled to the shaft 
of said internal combustion engine so as to be driven 
thereby and adapted to receive a portion of the air 
exiting said air blower: 

(f) motor means adapted to be driven by the com- 
pressed air produced by said compressor. 

9. The system of claim 8 which includes storage means 
for storing the compressed air produced by said com- 
pressor and said motor means arc adapted to be driven 
by said stored compressed air. 

10. A drive system according to claim 9 wherein said 
internal combustion engine is operated at an air-to-fuel 
ratio in the range of from about 8:1 to about 12:1 and 
said interhurner is operated at an air-to-fuel ratio in the 
range of from about 30:1 to about 50:1. 

11. A process for obtaining power using a gasoline 
fuel which comprises the following steps in combination: 

(a) injecting a fuel rich mixture into the combustion 
.chambers of an internal combustion engine, thereby 
producing an exhaust gas rich in unburned hydro- 
carbons and carbon monoxide; 

(b) introducing said exhaust gas into an interhurner 
and completing the combustion of said hydrocarbons 
and carbon monoxide by introducing excess air into 
said interhurner whereby an air-to-fuel ratio of 25:1 
to 50: 1 is obtained in said interburner; 
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(c) passing the hot gases from said Interbumer 
through a gas turbine whereby power is recovered 
therefrom; ' 

(d) utilizing the power recovered in step (c) to drive 
an air blower which supplies compressed air having . 
a pressure in the range from about 2 atmospheres 8 
to about 5 atmospheres to said interbumer and to 

a compressor driven by said engine; 

(e) further compressing the air from step (d) in said 
compressor to a pressure in the range of from 
about 15 to about 25 atmospheres; and 

(f) using the further compressed air to supply the 
driving power for a plurality of air motors or impact 
turbine. 

12. The process of claim 11 further characterized in 18 
that said fuel rich mixture has an air-to-fucl ratio of 
about 10:1, the interbumer is fired with an air-to-fuel 
ratio of about 35:1, said blower supplies air having a 
pressure of about 4 atmospheres and said further com- 
pressing produces air at a pressure of about 20 atmos- 20 
pheres. 

13. The process of claim 12 further characterized in 
that the exhaust gas leaving said internal combustion 
engine is at a temperature of from about 1800 to 2100" 

R. and a pressure of about 4 atmospheres, the gas exiting 25 
said interburner has a temperature in the range of from 
about 1400" to about 1600* R. and said turbine is a 


10 

single stage turbine having an Inlet pressure to outlet 
pressure ratio of about 4:1. 
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13 Claims, 7 Drawing Figures 


II . 9 



STARTFC-- 


14 







U.s. Patent Nov. 14, 1978 sheet 1 of 3 4,124,978 


BATTERY 


22 3 ! 23 3 ff= 

H— * — h I 1 

MOTORn COMPRESSOR 


REGULATOR 26 /7 


GENERATOR 

r 

25 

C 

starter 



± ~ 
on 

COOLING 

JACKET 

THROTTLE 

cl 

7 

7-7 f 

DRIVE 

/67o 

/)= 

AIR TANK 

30^1 

V 

175 PS 1 

1 


10 


ENGINE 

FIG! 


PRIMARY STORAGE 
AIR TANK 
300-350 P S I. 


I 

(v)REDUCER 


G) CHECK 

ll 






70 34 /'T 


9H 


\v 




c50 x 

\ _ * D 










U.2. Patent 


Sheet 3 of 3 


4,124,978 


51 


Nov. 14, 1978 









52 


10 1 050 U076 -01 III-4-7S 221153 


10-KWf 2105 54 7*147 11 IUI24V7* 04*7 1 


COMPRESSED AIR ENGINE 
RELATED APPLICATIONS 

This is a continuation-in-part of co-pending applica- 5 
tion Ser No. 473,420, filed May 28, 1974 now aban- 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 

This invention relates generally to compressed air 
engines and more particularly to improved compressed 
air engines having specially designed components 
which maximize utilization of the air and minimize fric- 
tion. 15 

2 Description of the Prior Art 

Compressed air engines have been made in various 
forms for many years. Such engines have long found 
applicability in volatile atmospheres where the ignition 
of gaseous engines is intolerable. The basic components 20 
of such engines include cylinders, reciprocating pistons, 
means for selectively supplying air under pressure to 
the cylinders, and exhausting the air after extracting the 
pressure. It is also common practice to drive such en- 
gines from a storage source of air under pressure, which 25 
is replenished, or kept within a desired pressure range 
by means of a compressor. 

Such engines require an external source of power in 
order to initiate operation in many instances, and also in 
order to make-up for the necessary depletion of air and 30 
drop m pressure during operation It is essential to mini- 
mize friction in this type of engine to recycle the input 
energy for as long as possible, and to efficiently store 
any unused energy, in order to achieve the greatest 
performance. 35 

Internal combustion engines have been employed in 
the past to produce the i -< essary compressed air, hut 
the inherent atmospheric r ' dilution of such engines is 
objectionable. It has been demonstrated that electric Tv 
powered compressors may be advantageously used • > 40 
avoid pollution and this suggests ease of installation in 
fixed locations, or suitability for mobile use with re- 
chargeable batteries. 

SUMMARY OF THE INVENTION 

The present invention is embodied in a multiple cylin- 
der compressed air engine driven via a drive tank of 
compressed air. A primary air storage tank of greater 
volume than the drive tank, contains air at greater pres- 
sure than the drive tank which is maintained witlun :i 50 
predetermined pressure range by means of a comprei- or 
driven with either a diesel engine or an electric motor. 
When a motor is used, an electric battery supplies cut- 
rent to the motor, a generator is directly driven by the 
compressed air engine in order to supply recharging 55 
current to the battery and alternatively provide power 
for the compressor, and a heavy drive shaft is employed 
to store energy and smooth out operation 

I: is an object of the present invention to provide -in 
improved compressed air engine. W) 

Another object of the invention is to provide an un- 
proved compressed air engine with a high capacity for 
recycling any undissipated energy during normal opera- 
tion. 

Another object of the invention is to provide such an e,5 
engine with a plurality of cylinders each having pistons 
mounted for reciprocating motion and spaced from the 
cylinder walls by a cushion of air. 
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It is another object of the invention to provide an 
improved compressed air engine having uniquely de- 
signed cylinder heads in order to maximize the input 
and exhaust of air to and from the cylinders. 

In accordance with a particular embodiment of the 
invenfon there is provided a compressed air engine 
including a source of air under pressure, and at least one 
cylinder assembly comprising: a cylinder, a piston 
mounted for reciprocating motion in the cylinder, and a 
cylinder head having input and output valve means 
The input valve means include ail auxiliary chamber 
interposed between the source of air under pressure and 
the cylinder. The input valve means also includes a 
valve member operativ e 10 cyclically admit air from the 
auxiliary chamber to the cylinder in order to drive the 
piston. 

In accordance with another aspect of the invention, 
there is provided a piston structure including circumfer- 
ential grooves encircling the piston walls and axial 
grooves interconnecting the circumferential g-oov.s 
The wall surfaces of the pistons are dimensioned for 
slight clearance within the cylinder Thus, upon intro- 
duction of air through the cylinder head, the major 
force of the air acts upon the piston face, but a small 
portion of this air tra\ erses the grooves in the side walls 
of the piston. As a result, the piston in effect, floats free 
within the cylinder am! in so doing reciprocates without 
frictional contact against the cylinder walls. 

In accordance with yet another aspect of the inven- 
tion, a compressed air engine embodying the features of 
the invention is provided with a complete lubricating 
system. A principa 1 component of the lubricating sys- 
tem is a continuous chain driven by the drive shaft and 
immersed in an oil bath at the lowermost portion of its 
travel. The lubricate g chain deposits oil at the upper 
portion of its travel into a drain pan connected by oil 
ducts or conduits to each of the major frictional points 
of the engine. 

A more complete appreciation and understanding of 
the invention will f.< nailable from the following text 
and the accompanying drawings 

BRIEF DESCRIi-i lON OF THE DRAWINGS 

FIG. 1 is a block schematic showing the prnc'pal 
components of a compressed air engine embodvnig the 
invention; 

FIG. 2 is a perspective illustration of a compressed air 
engine embodying the invention and showing typical 
components and their relative positions; 

FIG. 3 is a vertical cross-sectional view taken along 
the lines 3 — 3 of FIG 4, illustrating the structure of a 
typical cylinder head embodying the features of the 
invention; 

FIG. 4 is a cross-section taken along lines 4- 4 of 

FIG. 3; 

FIG. 5 is a top view bowing the cams, cam followers 
and cylnder head of a typical cylinder embodying the 
features of the invents n; 

FIG. 6 is an illustration of the oil lubrication system 
located behind the front cover of the engine shown in 
FIG. 2; and 

FlGv 7 is diagrammatic chart showing the approxi- 
mate position of the cams and the piston associated with 
a typical cylinder th.oughout a complete operating 
cycle of an engine embodying the features of the inven- 
tion. 
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Dr.-cRiPnoN or the preferred 
EMBODIMENTS 

FIG. 1 .hows the interconnections and relationships 
of the pri icipal components of the compressed air en- ! 
ginc of the preferred embodiment The engine block 10 
appears in 'he lower central portion of the FIGURE. 
Switch 9 controls tne engine and is closed tc establish 
an electric circuit from battery 11 to starter motor 12. 
Starter motor 12 is coupled via gears 13 to the crank 1 
shaft 14 of the engine in a manner simuar to that custom- 
ary with conventional internal combustion engines. 
Operation of the starwr motor 14 is effective to turn 
over the engine and thereafter it continues running as 
long as air under pressure is applied. Once the engine is I 
started, starter motor 14 is disengaged by means, for 
example, of a conventional centrifugal clutch. 

Drive tank 15 supplies air to the cylinders. It has been 
found desirable to operate this drive tank at a constant 
pressure of approximately 175 lbs. per square inch The 2' 
air from tank 15 is applied through throttle valve 16 to 
an input conduit 30. Valve 16 controls the amount of air 
supplied to the engine in accordance with the position 
of a throttle lever 17; the linkage and operation being 
advantageously similar to that found on the gas pedal 2 
for conventional internal combustion engines 

Drive tank 15 is maintained at pressure by a primary- 
storage tank 18 which contains air ,>naer a pressure 
which ranges in a particular emboonnent between 300 
and 350 lbs. per square inch. Air from the primary stor- 3 
age tank is applied through a pressure reducer valve 19 
and cooling jacket 20 to a check valve 21 at the input of 
the drive tank 15. Cooling jacket 20 may not be essen- 
tial; however, the inherent cooling available as a result 
of the expansion of the air as it comes out of reducer 3 
valve 19. can be used to reduce the heat developed 
within compressor 23 

The pressure of the within the primary storage 
tank 18 is maintained within the desired range by a 
compressor 23 that is driven by electric motor 22. T‘- - 4, 


to the centrifugal energy storage units and used success- 
fully in some bus and trolley systems Clearly, it the 
present engine is installed to drive mobile units, under 
some conditions (e.g. going down hills) positive energy 
> input will be available from the crank shaft to the en- 
gine. Obviously, frictional forcer will deplete the en- 
ergy initially supplied, either by electrical means, com- 
pressed air, or diesel fuel input; however, it has been 
found that the described system does afford advantages 
0 in this type of compressed air engine. 

The principal components on the engine block 10, are 
visible in the perspective view of FIG. 2 which reveals 
the front, top, and upper right side of the block, w ith the 
front cover 90 in place, and the top cover 77 removed 
5 For simplicity of illustration, a 4 cylinder V-type engine 
is depicted. The cams, cam followers, and cylinder head 
for a single cylinder only, are shown in detail. 

The air supplied by conduit 30 is divided at a T -joint 
into conduits 31 and 32 for distribution to the cylinders 
[) on the opposite sides of the block. On each side of the 
block, the air is distributed via separate conduits, e g 
33, 34, individual to each cylinder A camshaft 36. 37 
extends along each side of the engine. Cams, e g. 40, 41, 
are mounted upon the camshafts and controls the posi- 
5 lions of cam followers eg. 38, 39, respectively The cam 
followers 38, 39 are pivotally coupled at the cylinder 
head and determine the relative position of the input 
and output valve means 50, 60 

FIG. 2 also illustrates a segment of the oil distribution 
system designed to lubricate the cams and cam follow - 
ers. Thus, tubing 44 and 45 will be seen extending along 
each side of the engine Distribution points are available 
at each cylinder ;*s illustrated on the first cy linder by 
drain tubes 46, 47 disposed over cam followers 38, 39 
5 FIG. 6 shows the manner in which oil is supplied to 
tubing 44 and 45 a ,d this will be discussed in detail 
hereinafter '< may be noted in passing that all oil dis- 
tributed to the upper portion of the engine will be col- 
lected within the housing and returned to an oil bat:; at 
the bottom front of the block, from which it is rear m- 


compressor motor 22 is directly connected to battery 1 1 kited 


via switch 9 and is energized whenever lhc pressure in The cross-sectional views of F IGS. 3 and 4 show the 


the primary storage tank falls below 300 ''.s. per square 
inch. The pressure actuated er tbling switch for motor 
22 is not illustrated m the drawings; however, such 4 
switches arc familiar to those skilled in the art. Altei na- 
tively. motor 22 may be replaced by a diesel engine that 
is completely independent of the compressed air engine. 
This diesel engine will simply operate to maintain the 
pressure within prescribed ranges. 5' 

In order to reduce battery drain, a generator or altv- 
nator 25 is directly coupled to the crank shaft 14 vi:; i 
pulley and belt system 24 The output of generator 2.5 is 
connected through regulator 26 in order to supply- 
charging current to battery 11. as required. It will be 5 
understood that compressor 23 is driven by motor 32 
only during those times that the pressure in the primary- 
storage tank s l-clow 300 lbs. per square inch. Genera- 
te! 25 effectively supplies charging current to baite. y 
11. as is in parallel with the battery in supplying the M 
compressor motor when it is energized. The capacity of 
compressor 23 and generator 25. and the volume of 
primary storage tank 18 and drive tank 15, are selected 
in accordance with the load to be driven by the corn- 


interior of lhc ty pical lirsl cylinder located on the right 
hand side of the engine block. This cylinder is po-.i- 
5 lionet! within the lower housing 75 and the cylinder 
heat! is supported u|x>n upper housing plate 76. An 
upper housing cover 77 is illustrated in phantom out- 
line. 

Ihe principal components of the cylinder assembly 
i> include the cylinder 70, piston 6-1 mounted for recipro- 
cation within the cylinder, auxiliary air input chamhe.- 
59, the input valve assembly 50-57. and the exhaust 
valve assembly 60-63. Piston 64 is connected by rod S3 
and coupling 66 to the crank shaft 67 m conventional 
5 manner for the conversion of the reciprocating motion 
of the piston to rotary motion of the shaft 

Air is supplied under pressure to input port 54 of 
auxiliary input chamber 53 by conduit 33. Chamber 3 ' 
extends axially throughout approximately one quadrant 
of the cylinder head. The input valve assembly occupies 
a separate cylindrical passage 57 within the auxiliary- 
input chamber. The input valve assembly includes valve 
element 50; O-rmg seal 51 bearing against the walls of 
passage 57; seal 53 on the end of valve 50 for seating 


pressed air engine and the operating periods content- 65 within valve aperture S3; and O-ring 52 embedded 
plated. within guide aperture 56 to guide and seal the valve 

The use of crank shaft energy to assist in battery stem against escape of air. The position of the input 

recharging and compressor operation, may be likened valve is controlled by cam lever 38 which is connected 
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to the valve at coupling 48 and is also pivotallv con- 
nected a! 42 to the block. The opposite end of cam lever 
38 is secured to the block via a sprii. a 58. Between pivot 
42 and spring 58, cam follower 38 bears against cam 44) 
which is mounted upon camshaft 36. The configuration 
of cam 40 and follower 38 is such that valve 50 is 
opened selectively to admit air when piston 64 is near 
the upper portion of its stroke. The particular timing 
and operation of the valve will be described in more 
detail in connection with FIG. 7 

Exhaust valve 60 is disposed within a fluted cylindri- 
cal channel 62 in the cylinder head. An O-ring 61 is 
provided at the lower extremity of valve 60 for sealing 
the cylinder exhaust aperture 63 The valve element 60 
reciprocates in sliding contact with the inner surfaces of 
fluted cylindrical channel 62, and the fluted portions 
provide for the passage of air, such that when element 
60 is in the retracted position shown, air is exhausted 
along the paths shown by the arrows As illustrated, 
piston 64 is completing ns upward stroke. In a short 
while, this stroke will be fully completed and exhaust 
valve 60 will close This will be seen to result as cam- 
shaft 36 rotates in a counterclockwise direction. 

To reouce friction within the cylinder, piston 64 is 
provided with grooves or slots 66, 69 on its outer sur- 
face These grooves permit the escape of small amounts 
of air around the entire circumference of the piston 
Th.o air acts to keep piston 64 in a floating condition so 
that there is either no frictional contact or minimal 
frictional contact, with the interior w all of cylinder 70 
in particular, piston 64 is provided with circumferential 
grooves 68 extending about its entire perimeter. Axial 
grooves 69 interconnect each of the circumferential 
grooves and they are staggered on successive sections 
in order to avoid short circuiting of the air How past the 
piston 

FIG. 7 is atra-g-d with the rotational position of the 
air valve cam 4° T pic ted in the left-hand column, the 
position of piston 64 via-a-vis the rotational position of 
the crank shaft 67 in the central column, and the posi- 
tion of the exhaust valve cam 41 in the right hand col- 
umn Succeeding rows in this FIGURE suggest succes- 
sive drive shaft rotational positi-..s starting at an arbi- 
trary O' and proceedin ' in 45" increments. 

The first row in FIG 7 illustrates the 0* position 
w here piston 64 has just passed top dead center and is 
beginning to move downward. Air valve 50 is begin- 
ning to open and exhaust salve 60 has closed. 

In the 45‘ position of the drive shaft, air valve 50 is 
fully opened and exhaust valve 60 remains closed. Air is 
consequently admitted under pressure into the chamber 
71 formed by the upper portion of the cylinder and the 
piston face This pressure forces the piston downward 
and in turn applies torque to the drive shaft 

In the 90* position of the crank shaft, air valve 50 
closes. Exhaust valve 60 remains closed. The air valve 
will continue in this closed conditio.; until the drive- 
shaft nas completed rotation and piston 64 has again 
begun to descend This is pictorially illustrated in tile- 
remaining segments of FIG 6 

At the 135’ position, piston 64 begins its upward 
motion, and exhaust valve 69 is opened. During the 
entire upward portion of its travel, the exhaust valve is 
kept in its opened condition. Shortly before air is admit- 
ted, i e at approximately 45* , exhaust valve 60 is again 
closed. The particular timing at which the various 
valves open and close is of course controlled by the 
configuration of cams 40 and 41 
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Yet another feature of the present invention relates to 
a lubrication system in accordance with which the hq 
uid lubricant, is distributed from a reservoir at the bot- 
tom of engine housing 75 to the various cams and uppe r 
5 engine surfaces. The partial front elevation view of 
FIG. 6 shows the fr. at of the engine with the front 
cover removed. As illustrated schematically in ’his 
FIGURE, a chain 86 is engaged through gear 81 to be 
driven by crank shaft 67 and is trained over two idler 
l<) gears 83, 84. A fan-hke member 82 is coupled to the 
diive gear 81, and as the chain dips into reservoir 80 the 
lubricant is forced into direct contact with it As chain 
86 traverses the upper portion of its travel between idler 
gears 83 and 84, the lubricant drams ofT'.ito distribution 
1 5 tray 85 from whence it is distributed via conduits 44 and 
45 to selected points on the engine Weep holes are- 
provided in the engine housing to permit all oil to regain 
its original position within reservoir 80 

Engines embodying the features of this invention arc- 
20 suitable for a variety of uses. While a four cylinder 
V-typc model has been constructed anu described 
herein, other configurations are possible and in particu- 
lar situations may be desirable. These engines may be 
employed as prime movers for vehicles or for stationary 
25 applications. The specific use of the equipment will 
dic’ate the specifications for the battery, compressor, 
air storage tanks, generator, etc. 

Under no circumstances, should one consider these 
engines to he capable of perpetual motion However, bv 
3o utilizing the structures described herein, an improved 
compressed air engine is available for industrial and 
commercial use 

A parte-ular embodiment of the invention has been 
shown and described. Various specific features of the 
35 invention regarding ’tie unique cylinder head configura- 
tion. drive rrangement, and lubrication system have 
been detailed Modifications will become immediately 
apparent to those skilled in [he art. Any such modifica- 
tions within the spirit and teachings of this invention a: c 
40 intended to he covered by the following claims. 

What is claimed is: 

1 A compressed air engine having a source ol air 
under pressure, comprising: an electrically driven com- 
pressor for maintaining said pressure above a prevlet-- : - 
45 mined level, an air storage tank, means for supplvip, .: an 
Irom said source to said storage tank to maintain ;:.c 
pressure in said tank at a desired level below said prede- 
termined level, at least one cylinder having a teeipro- 
cating piston therein, means for selectively supplying 
50 air from said tank to said cylinder to drive said piston, 
crank shaft coupled to said piston and rotatably driven 
responsive to the reciprocating motion of said piston, 
means coupled to said crank shaft to supply power to 
said compressor, and further means operative indepen- 
55 denlly of said crank shaft to supply (Kisser to said com- 
pressor, wherein said means for supplying air to ' 
cylinder comprises: a cylinder head, an auxiliary cham- 
ber in said cylinder head, conduit means for connecting 
said lank to said auxiliary chamber, and input valve 
(4 1 means operative to periodically admit air from said 
auxiliary chamber into the chamber formed by said 
cylinder head and the lop of said piston, the periodicity 
ol said admission of air being synchronized with id - 
rotation of said crank shaft. 

<>5 2. A compressed air engine in accordance with clam; 

t. wherein said auxiliary chamber is disposed within an 
axially extending sector of said cylinder head; said input 
valve means includes a reciprocating valve element in .: 
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sealed cylinder positioned within said auxiliary cham- 
ber; an aperture permits air flow between said auxiliary 
chamber and the chamber formed by the cylinder head 
and the top of the piston; said valve element sealingly 
seats in said aperture; and cam mc-us are coupled to 
said crank shaft to control operation of said valve ele- 
ment. 

3. A compressed air engine in accordance with claim 
2, wherein said auxiliary chamber occupies approxi- 
mately one quadrant of the cross-section of said cylin- 
der. 

4. A compressed air engine in accordance with claim 
1, further comprising: exhaust valve means in said cylin- 
der head operative to oeriodically exhaust air from the 
chamber formed by said cylinder head and the top of 
said piston, the periodicity of said exhaustion of air 
being synchronized with the rotation of said crank 
shaft. 

5. A compressed air engine in accordance with claim 

4, wherein said exhaust valve means comprises a Puled 
axially extending channel terminating in a circular aper- 
ture of diameter substantially equal to the internal diam- 
eter of said channel, and a reciprocating valve element 
within said channel adapted to seal said circular aper- 
ture when seated therein. 

6. A compressed air engine in accordance with claim 

5, w herein said auxiliary chamber is disposed within an 
axially extending sector s<f said cylinder head; said input 
valve means includes a reciprocating valve element in a 
sealed cylinder positioned within said auxiliary cham- 
ber; an aperture permits air flow between said auxiliary 
chamber and the chamber formed by the cylinder head 
and the top of the piston; said valve element sealingly 
seats in said aperture; and cam means are coupled to 
said crank shaft to control operation of said valve ele- 
ment, 

7. A compressed air engine in acc< ance with claim 
1, wherein said piston has an outsid' "barneter slightly 
less than the inside diameter of said cylinder, a plurality 
of axially spaced circumferential grooves encircle the 
piston walls, and axially extending grooves intercon- 
nect adjacent circumferential grooves, whereby a small 
amount of the air admitted into the chamber formed 
the cylinder head and top of said piston c its via sail) 
grooves and maintains a separation between the piston 
and cylinder walls. 

8 A compressed air engine in accordance with claim 

7, wherein said means for supplying air to said cylinder 
comprises: a cylinder head, an auxiliary chamber in said 
cylinder head, conduit means for connecting said tank 
to said auxiliary chamber, and input valve means opera- 
tive to periodically admit air from said auxiliary cham- 
ber into the chamber formed by said cylinder head a.,d 
the top of said piston, the periodicity of said admission 
of air being synchronized with the rotation of said drive 
shaft. 

9. A compressed air engine in accordance with claim 

8, fuither comprising: exhau ,t valve means in said cylin- 
der head operative to periodically exhaust air from the 
chamber formed by said cylinder head and the top of 
said piston, the periodicity of said exhaustion of air 


being synchronized with the rotation of said crank 
shaft. 

10. A compressed air engine having a source of air 
under pressure, composing, an ei'cciilvally driven com 

5 pressor for maintaining said pressure above a predeter- 
mined levL;, an air storage tank, means for supplying air 
fr<sm said source to said storage tank to maintain the 
pressure in said tank at a desired level below said prede- 
termined level, at least one cylinder having a recipro- 

10 eating piston therein, means for selectively supplying 
air from said tank to said cylinder to drive said piston, a 
crank shaft coupled to said piston and rotatably driven 
responsive to the reciprocating motion of said piston, 
means coupled to said crank shaft to supply power to 

15 said compressor, and further means operative indepen- 
dently of said crank shaft to supply power to said com- 
pressor, wherein said means for supplying air to said 
cylinder comprises: a cylinder head, an auxiliary cham- 
ber in said cylinder head, conduit means for connecting 
said lank to said auxiliary chamber, and input valve 
means operative to periodically admit air from said 
auxiliary chamber into the chamber formed by said 
cylinder head and the top of said piston, the periodicity 
of said admission of air being synchronized with the 
rotation of said crank shaft, further comprising a reser- 
voir containing lubrica.-t located at ihe bottom of said 
engine, a lubricant conveyor traversing a path through 
said reservoir and driven by said crank shaft, a pan 

1() disposed below an upper portion of said path and above 
the major components of the engine for receiving lubri- 
cant from said conveyor and conduit means connected 
to said pan for gravity distribution of said lubricant to 
selected locations. 

!<, 11. A compressed air engine in accordance with claim 

10, w'herein said piston has an outside diameter slightly 
less than the inside diameter of said cylinder, a plurality 
of axially spaced circumferential grooves encircle the 
piston walls, and axially extending grooves intercon- 

40 nect adjacent circumferential grooves, whereby a s . ■ ’ 

amount of the air admitted into the chamber formed by 
the cylinder head and top of salt! piston exits via said 
grooves and maintains a separation between the piston 
and cylinder walls. . 

45 13. A compressed air engine in accordance w ith claim 

11, wherein said means for supplying air lo said cylinder 
comprises: a cylinder head, an auxiliary chamber in said 
cylinder head, conduit means for connecting said tank 
to said auxiliary chamber, and input valve means opera- 

50 live to periodically admit air from said auxiliary cham- 
ber into the chamber formed by said cylinder head I 
the top of said piston, the periodicity of said admission 
of air being synchronized w ith the rotation of said drive 
shaft 

55 13. A compressed air engine in accordance with claim 

12, further comprising: exhaust valve means in said 
cylinder head operative to periodically exhaust air from 
the chamber formed by said cylinder head and the top 
of said piston, the periodicity of said exhaustion of air 
being synchronized with the rotation of said drive shaft. 

• • • • • 
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“There is nothing abnormal to an 
efficiency greater than 1, when 
reheating is used; this will occur 
(regardless of pipe and other friction) 
whenever the temperature of 
reheating is higher than the 
temperature of compression.” 


(Modem Machinery, January 1899, 
"The Two-Pipe System of Air 
Compression", A. E. Chodzko, 

P-11) 



Closed Cycles in Pneumatic F'ovrer Plants 


AMERICAN MACHINIST 

April 28, 1898. 

Practical Application of High Range 
Compressed Air Power 
Transmission. 

BY FRANK RICHARDS. 

I use the term high range to desig- 
nate the system here referred to for con- 
venience, as it seems to fit the case, 
whether it has been used before or not. 
The system is called also the two-pipe 
system, on account of the return pipe 
made necessary to convey the air which 
has done its work back to the com- 
pressor. the exhaust pressure being con- 
stantly maintained very much higher 
than that of the atmosphere. The sys- 
tem has been put into practical opera- 
tion in California and elsewhere in the 
inr western portion in the L’nitcd 
States, being known there as the Cum- 
mings sytein oi coinpres-ed air transmis- 
sion, the apparatus there employed being 
under Limed States patents granted to 
Charles Cummings, of Oakland. Cal. 

Cutler this system the compressor in 
lull operation receives the air returning 
irom rock-drills, pumps, hoists, motors, 
or whatever it is employed to drive, at 
a pressure considerably above that of 
the atmosphere, compresses it to a still 
higher pressure, ami then sends it out 
again to do more work. The operation 
as thus stated is as simple as that of the 
ordinary air compressor, which takes in 
tree air. or air at atmospheric pressure, 
and sends it out again at a pressure of, 
say, 6 or 7 atmospheres. In compress- 
ing from 1 to 7 atmospheres or in 
compressing from 7 to 14 atmospheres 
there is no essentia! difference in the 
operation involved. 

If the compressor is to work at any- 


thing iiki tin pressures last indicated 
then must, in -v. ever, bt some provision 
in: 1::-- chr.tptnp the system to the high 
iriim ini - - 1 '■ t i 1 e* :u: rial, ami also some 
me;::.- of governing nr controlling the 
speed and nuiput r.i the compressor ac- 
cording to tiie rate at which the air may 


1 



Kill. 8.— PLAN OF HIGH RANGE AIK 
COMPRESSOR 

be used at the other end of the system. 
The arrangements by which these re- 
juits are accomplished are worth looking 
into. Tig. 1 is a side elevation. Tig. 2 
is an end elevation and Tig. 3 a plan 01 


a duplex steam driven compressor. Of 
the general design of the eomprc'-or it 
is not necessary to speak. It will scarce- 
ly be maintained that it represents the 
best possible arrangement. The steam 
cylinders are at the left. Tig. 1. and the 
pull and thrust of the steam piston is 
transmitted directly through the yoke in 
which the connecting rod plays to the 
air cylinder. The body oi the air cylin- 
der is water jacketed and the valve 
chambers on each end have each a ver- 
tical partition, the inlet valves and pipes 
being on one side and the discharge 
valves and pipes on the other. The air 
being at normal atmospheric pressure 
throughout the apparatus we may start 
the compressor, referring principally to 
Fig. 2, and as we proceed the functions 
of the pipes and connections will reveal 
themselves. Both compressing cylin- 
ders are alike in construction and oper- 
ation. At the beginning of operations 
we may assume the globe valve M to be 
closed and all other valves to be open. 
The free air will enter through valves 
A~ and U and the compression will con- 
tinue until the pressure rises to. say, 
100 pounds, it wc assume that pres- 
sure for the lower limit of our work- 
ing range. When the pressure of 100 
pounds is reached valve A 1 is closed 
by hand, separating the high pressure 
and the low pressure pipes, and the 
operation of compression then continues 
until the high pressure pipes are filled to 
the high pressure required, say 200 
pounds, while the low pressure system 
remains charged at 100 pounds. The air 
inlet valves K' and /. are closed by hand 
and valve M is opened, allowing the 100 
pound air to be delivered to both cylin- 
ders. The entire apparatus is now a 
closed system, with both the high and 
the bn: pressures as required, and ready 



SIDE AND END ELEVATION OF HIGH RANGE AIR COMPRESSOR. 
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i . .r o li'.'.imiMii-- avtinii. \ - 1 1 1 :i i : j >m:i ]> ( . 

■ Ilnnii in Fig I ii ) ' in till' right. M] >i.i CCS 
what air may be 1 < < >t b> ivakagi I i n ^ 
pinny may In- placed wherever 1 1 : ■ ■ " : c*»n- 
vi'iiiin; ami may bn ■ •pvrntvd b> t"iiin\- 
lidii null tin main c< •mj>: c-s* >r >>r <>ther- 
n k. anil In.- re routin'* n • itirtlicr mcn- 
t i i hi. 

Altrntii m i* now callol l" iru- 
pipe o. This pipe directly I'mima- 
tin high pressure and tin- low pre*- 
miic pipe-. Sontewllere belwnn tin 
two pipe* l* located the min O'. 
Tito j. an adius'.alm- pressure valve 
which may be set to open at any pre- 
determined difference ot pressure, in this 
ease too pounds, and it will not open un- 
til that difference exi»>. when any excess 
of air in the high pressure pipes is auto- 
matically discharged into the low pres- 
sure, thus constantly maintaining the re- 
quired difference. The compressor may 
be charged or put in condition for con- 
tinuous operation by the use of this au- 
tumatic valve instead ol by the hand 
operated valve -V. 

The operation of governing an air 
compressor, either under the system we 
are considering or any oilier, is dis- 
tinctly different from that of governing 
a stationary steam engine. The amount 
of [lower required may lluctuate in 
either case, but in that of the steam en- 
gine it is still usually necessary to main- 
tain a constant rate of speed. In the case 
of the air compressor it is necessary to 
vary the speed according to the work, 
\\ ith our closed circuit of piping, and 
assuming the compressor at one end and 
the motor at the other, each running at 
such relative speeds that the difference 
of too pounds is hist maintained be- 
tween the two pipes, if it should then 
happen that the motor should lie run 
slower, or in any way should require 
le-s :.:r to pa-s through it. then it ihe 
rompn — >r still maintained its speed 
the pre-Mire in the high pressure pipes 
would become too great, while in tue 
low pressure pipes the pressure would 
full too low. The rever-e operation 
won:,! result as badly in the opposite di- 
rect mu A centrifugal governor is pro- 
vide!. as shown, to control the speed of 
tin compressor when the demand upon 
>; l- up to it* mil capacity and prevent 
it iron; running away This governor 
mat also come into [day in the earlier 
stage- of the initial charging of the sys- 
tem. but is ol no ii'c at other times, the 
differential pressure governor being the 
usually operative controlling device. 
This governor, which it is scarcely 
necessary’ to describe in detail, is indi- 
cated in outline up at the left of Fig- *- 
It consists of two cylinders of different 
areas, say one twice that of the otbefi 


the two pistons being connected and 
moving together and by their movement 
operating a sliding steam valve and con- 
trolling the flow of steam to the steam 
evlinder. These governor cylinders 
standing vertical, and that of the larger 
area being above, with the smaller cyl- 
inder below, a small pipe connecting 
with the low pressure system is led into 
the top of the large cylinder, while a 
pipe from the high pressure system en- 
ters the bottom of the lower and smaller 
cylinder. The differences in pressures be- 
ing compensated by the differences of 
piston areas, the piston and the steam 
valve are stationary when the difference 
in pressures is normal, while if the high 
pressure increases the steam valve 
closes and slows the compressor, and ii 
the high pressure falls while the low- 
pressure increases then the steam valve 
moves in the other direction, more 
steam is admitted and the compressor 
runs faster. The compressor being du- 
plex. with cranks at right angles, it will 
of course start itscli from any position. 
The compressor for this system, it will 
thu* be Seen, requires little complication 
above that of the ordinary compressor. 

It is proper to say a little as to the 
actual practical workings of the system. 
As is well known, the use of compressed 
air is perhaps better developed and bet- 
ter appreciated upon the Pacific Coast 
than, anywhere else in the United States. 
Some admirable installations of the or- 
dinary type arc in operation there and 
some notable instances of large plants 
and long distance transmission. It is not 
strange that the two-pipe system also 
should find its first employment in the 
same section. It can scarcely be claimed 
for it that its possibilities have yet been 
all developed or that its applications have 


been other than crude and cheap. The 
ha'f-tone herewith speaks tor itself as to 
the conditions under which it has been 
tried for it would have so spoken if the 
engraver had not taken such pains 
to make the scene respectable). 
The compressor here shown is of 
different construction from that which 
I have described, but it embodies the 
same two-pipe principle. As to the re- 
sults attained, there are not as yet any 
thorough, careful and precise tests to be 
referred to, and we must be content with 
statements such as the following: 

“Two tests were made of three hours 
each, one with the machinery run under 
the two-pipe system, and the other with 
the same machinery run under the ordi- 
nary system. In each one the same ma- 
chinery was used throughout. This con- 
sisted of a duplex air compressor with 
air cylinder 5x9 inches, and steam cylin- 
der 6pjX9 inches, and a water pump with 
air cylinder 4^x7 inches, and water cyl- 
inder 5x7 inches.” These dimensions are 
not altogether clear and satisfactory, but 
I give them as I have received them. 
The statement of comparative perform- 
ance which lollows is more intelligible. 

“The machinery was run for three 
hours under the two-pipe, high range 
system. One of the pipes was then dis- 
connected and the same machinery was 
run under the ordinary system. That is 
to say, instead of exhausting into the re- 
turn pipe, the exhausting was done into 
the atmosphere. The pump was em- 
ployed in elevating water 80 feet. The 
first three hours under the two-pipe sys- 
tem the pump made 23,877 revolutions 
while the compressor made 16.735 revo- 
lutions. In the second three hours, run- 
ning under the ordinary system, the 
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compressor made 22.735 revolutions and 
the pump 5.3S0.” There was, o( course, 
no such advantage as the figures given 
seem to indicate, but that there was a 
great advantage seems clear. "In the 
two-pipe system we ran the pump about 
as last as is consistent with good prac- 
tice. while the compressor had to be run 
comparatively slow. In the ordinary 
system we could hardly run the com- 
pressor fast enough to give sufficient air 
to the pump to turn over. We had great 
difficulty in running three hours under 
the ordinary system, owing to the fact 
that the temperature in the exhaust ports 
of the pump came below the freezing 
point of water. We had to ttse petro- 
leum to make the pump work. Of course, 


under the two-pipe system there is no 
chance of any ice being formed from the 
expansion of the air.” 

llans C. Belir, in a bulletin of the Cali- 
fornia Mining Bureau, says: "The inci- 
dental advantage in the two-pipe system 
is that the pump engines, particularly if 
direct acting, can be operated under 
water until they wear out.” He says also: 
"To properly estimate the value of this 
system it must be compared to the re- 
heating system as to mechanical effi- 
ciency. first cost and simplicity of con- 
struction and manipulation.” I have 
seen also enough other letters to prob- 
ably convince any ordinary person that 
this system gives quite astonishing re- 
sults. 

AAA 
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MODERN MACHINERY. 


The Two-Pipe System of Air Compression. 


A CONSIDERATION OF THE ADVANTAGES CLAIMED FOR IT 

OVER THE SINGLE PIPE SYSTEM. 


By A. E. CHODZKO. 


NOTICE In the June and October issues of your 
paper two articles by Mr. Frank Richards, repro- 
Wy duced from the “American Machinist,” on the so 
called two-pipe system of air compression and of power 
transmission. I deem It a good fortune to meet with 
an opportunity of making on this subject a more thor- 
ough inquiry than has, so far as I know, been published, 
upon the initiative of such an able writer on compressed 
air matters as is Mr. Richards. 

That this system deserves more than a passing notice 
clearly appears from his articles; yet, in California, 
where It has been advocated, to the writer's knowledge, 
for the past ten years, being more generally known as 
the "Cummings process,” It does not seem to have at- 
tracted much attention, notwithstanding the claim, 
made in its favor, of a large saving of power. The 
principle of this system, moreover, is not a novel one; 
the so called “Allen dense-air machines,” which are 
widely used on board ship for the production of cold, 
have furnished for many years a successful Illustration 
of the use of air In a closed circuit 

A complete compressed air proposition necessarily In- 
volves two distinct factors; the air is first raised to a 
certain pressure, and then, in this new condition, it is 
utilized for some specific purpose. We must therefore 
consider not only the compressor end of such a propo- 
sition, but the motor end as well, the economical value 
of the system being determined by comparing the work 
done In the motor with the work absorbed by the com- 
pressor. Very aptly does Mr. Richards remark that the 
cheaper compression of the air Is as distinct a gain as 
would be a more efficient employment of it after com- 
pression; but when the whole system is concerned, this 
statement is strictly true only In so far as the utilization 
of the compressed air Is, If not as efficient as his com- 
pression, at least not correspondingly defective. 

Now, If the efficiency of the two-pipe compression is, 
for a given volume of air, higher than in the single pipe 
process, and might be theoretically increased up to 100 
per cent., without Interference of extraneous causes, 


such as reheating, the writer must confess his inability 
to secure some conclusive data regarding the perform- 
ance of air motors in the double pipe system. He has 
heard of rock drilling plants of this description being 
used In some mines in California; and Mr. Richards 
quotes a few data in connection with a comparative 
test between the one and two-pipe systems on a pump 
operated by compressed air. 

These results are not sufficient to give a clear idea of 
the general value of the latter process, a fact which Mr. 
Richards acknowledges, when he says: “We must be 

content with statements such as the following,” etc. 

If the two-pipe system actually resolves itself into 
an economical manner of producing and using com- 
pressed air, the sooner we know it the better, but if its 
application is attended by practical defects, it is just 
as desirable that they should be well understood. The 
following remarks are intended to throw, if possible, 
more light on a matter of importance to many of yonr 
readers, the writer included. With this object in view 
he offers what seems to him a rational view of the sub- 
ject, inviting, at the same time, a criticism of his con- 
clusions, in that spirit quite appropriately described in 
your paper as "Our Idea Exchange." Let those who 
happen to possess some practical experience of a subject 
under discussion give their fellow workers the benefit of 
what they know. ThlB is true progressive policy, which 
does not interfere with the protection of individual in* 
terests, and a more liberal exercise of which would in* 
crease the stock of general knowledge, to the advantage 
of its adherents. 

It hardly needs be stated that any intention of P er " 
sonal disparagement is totally absent from an article 
of this nature; but should it help in advertising a good 
thing, none would enjoy it more sincerely than tb» 
writer. 

The following results are theoretical, inasmuch a* 
taking no account of frictional losses, which will W 
subsequently referred to; they will serve the purpose 0 
comparison, which is the sole object in view at preseh L 
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Three distinct cases will be considered, namely: 

Ordinary process of compression of free air to 100 
pounds effective per square Inch. 

B. Two-pipe process of compression from 100 pounds 
to 200 pounds effective per square Inch. 

C. Two-pipe process of compression from 1,000 pounds 
<o 1,1°0 pounds effective per square Inch. 

The working pressure is, therefore, in all cases, 100 
pounds per square inch, and the outside temperature is 
supposed to be 60° F. 

It Is also assumed that the compression is effected in 
one stage and within a water-jacketed cylinder, so that 
In the calculations referring to the compression of air, 
the ratio of its specific heats at constant pressure and at 
constant volume may be taken as 1.3. 

The expansion in the motor is supposed to take place 
jadlabatically, the above ratio being, in this case, 1.4. 
The following calculations refer to one cubic foot of air 
at initial pressure. 

Under these assumptions three classes of motors will 
be dealt with. 

I.— Motors working at full pressure during the whole 
6troke, such as rock drills and non-compound direct- 
acting pumps, the compressed air, after leaving the 
motor, being expanded to the initial pressure (I. e. to 
the pressure existing at the beginning of the compres- 
sion) without doing useful work. 



A 

B 

c 

Work of compression and of delivery 

into the receiver, foot lbs ! 

Temperature (F.) of compression. . .... 

5538.1 

11085.25 

13919,1 

375° 

Hi 0 

71° 

Volume of compressed air aL ofl’F., 
cubic ft 

0.128 

0 534 

0.911 

Work of compression and delivery per 
cubic foot of coiflpressed air at SO^F., 
foot lbs 

43250 

20757 

15279 

Comparative efficiency of the three 
kinds of compression 

1 

2.031 

2.829 

Work at full pressure in motor, foot 

lbs 

1843.2 

7689.0 

13118.4 

Efficiency of the system, 1. e. ratio of 
work done In motor to work ab- 
sorbed in compression 

0.333 

0.693 

0.942 

Comparative efficiency of the three 
systems 

1 

2.081 

2.829 


The relative efficiency is the same for the whole sys- 
tem, including compressor and motor, and for the com- 
pressor alone, when its w'ork Is measured per cubic 
foot of compressed air. This is due to the fact that the 
working pressure being the same in all cases, the work 
done in the motor also depends upon the volume of com- 
pressed air. 

2. Motors working at complete expansion (i. e. the 
Pressure resuming the value which It had at the begin- 
ning of the compression) without preliminary reheating 
<i- e. the compressed air being at 60° F.) 

The following results apply to this case: 



A 

B 

C 

0f , compression and delivery (as 

6538.1 

11085.25 

13919.1 

5,“g erat ure(K.) at the end of Expun- 

at?».. , n or *‘ of Expansion (1 e., work 
-i.}” 11 Pressure, followed by cotn- 

fcoink 8 ex P iulsl ve work) ft. lbs 

»^2i£iency of the system 

3293 2 
0.595 

9493 8 
0 850 

13480.5 

0.907 


When the working pressure Is given, the higher the 
l^turn pressure (meaning the lower pressure In the 
-^°-plpe system) and the smaller the difference between 
e t\ork of compression and the work done In the motor. 
° ul(1 the return pressure become Infinitely great, the 
ciency of the system would become equal to 1. 


3. Motors working at complete expansion with pre- 
liminary reheating. 

The most economical degree of reheating should be 
such that the air leaves the motor at the snme tem- 
perature at which it enters the compressor, the heat sup- 
plied being, in this case, completely utilized, and the 
successive phases occurring In the closed circuit being 
indefinitely repeated. 

Under the present conditions, 1. e. the temperature at 
the end of the expansion being 60” F., the following 
results would obtain: 



A 

B 

0 

Temperature (F.) of reheating 

Total work of Expansion done In the 

417” 

182” 

74” 

motor after reheating, ft. lbs 

5927.8 

11354.6 

13823.9 

Efficiency of the system 

1.0(1 

1.024 

0.993 


There is nothing abnormal to an efficiency greater 
than 1, when reheating is used; this will occur (regard- 
less of pipe and other friction) whenever the tempera- 
ture of reheating is higher than the temperature of 
compression. 

The last figures show that, In what might be termed 
the hot expansion of air in a motor, the relative effici- 
encies vary in opposite direction to what they do in 
the cold expansion. 

Here the objection might be raised that a temperature 
of 477° is not used in practice; this will therefore be re : 
duced to 400”, a temperature found in high pressure 
steam engines and exceeded in gas and other heat en- 
gines. 

Since the temperature of reheating In the two-pipe sys- 
tem is much lower, this reduction will first be made in 
the case (A) of air expanding to atmospheric pressure, 
with the following results: 



A 

B 

c 

Temperature (F ) of reheating 

400° 

0.982 

340° 

0.0704 

0.19 

1 

162° 

1.124 

102° 

0.590 

14 48 

2.34 

74° 

0.993 

14° 

5.27 

17.50 

2.83 

Rise of temperature (F.) in eachcase.. 
Weight of compressed air reheated, lbs. 
Total thermal units required for re- 

Comparative amounts of heat con- 
sumed 


And comparing the results for the same consumption 
of heat: 



A 

B 

O 

Thermal units used for reheating 

0.19 

400° 

0 19 
103°. 0 

0.19 
04°. 9 

Total expansive work afte. reheating, 

5440 4 

10281.8 

13581.6 

Efficiency of the system 

0.982 

0 927 

0 976 


These three classes of motors cover the entire ground, 
If the air does its work in one cylinder, or more exactly, 
in one stage, and the above results can be summed up 
as follows: Whenever the air is used cold, the two- 
pipe system Is far superior to the ordinary process of 
transmission; but this superiority disappears if only a 
moderate amount of heat is available, in which case 
there is but little difference between the two systems, 
the advantage being, however, In favor of the single- 
pipe method. 

These conclusions are drawn from theoretical figures, 
and It Is now expedient to examine whether some prac- 
tical defects are liable to develop in either case. Con- 
sidering, for instance, a direct-acting pump, which has 
to raise water to a certain height, using air either at 



full pressure or expansively, we find that this work 
requires a certain number of cubic feet of compressed 
air per minute, at a working pressure of, say, 100 
pounds per square inch, and from the above figures. It 
appears that a smaller compressor and a less amount of 
motive power will be required to supply that air In the 
two-pipe system than with a free air machine. The 
piston packings need not be tighter in either case, since 
the difference of pressure Is the same between both sides 
of the piston.' The stuffing-box packing's will generate 
more friction In the two-pipe machine, but then its size 
Is smaller, so that no apparent disadvantage seems to 
exist against it on that ground. 

Next comes what seems to have been the most serious 
objection to Its adoption, namely, the necessity of a 
double line of pipes, which, first of all, means twice 
more joluts, half of which are under more than working 
pressure. Besides, and referring to the three cases pre- 
viously examined, the spouting velocities of air at the 
higher pressure escaping into air at the lower pressure 
are respectively: 



A 

13 

c 

Spouting velocity per second ft 

1503 

1010 

404 


So that, if a certain volume at a higher pressure es- 
capes into a capacity at the lower one, the mean veloci- 
ties of flow are respectively : 



A 

B 

O 

Feet 




Or vary as .. 

.3 Ml 

2 Si 

1 


In other words, the air in the two-pipe system is 
"sluggish,” and when acting on a piston against a back 
pressure, it has, aside from the useful work performed, 
a tendency to flow at a slower rate of speed than in the 
free air process. And while the above spouting veloci- 
ties, even reduced by coefficients of correction, are 
still higher than the usual speeds adopted in machine 
construction, it must be remembered that the "dense” 
air will, at the same velocity of flow, develop more fric- 
tion than air at working pressure. It seems, therefore, 
reasonable to surmise that the machinery operated in the 
two-pipe system should be especially designed in order 
to secure the highest efficiency; not only should the 
castings be made heavier to withstand the increased 
pressure, but the ports and passages should be shorter, 
straighter, and of larger area. For the same reason, the 
high pressure or live air pipe must be of larger size, and 
of course, of greater thickness than the single pipe; the 
same is true of the return pipe, which, even if carrying 
no more than working pressure, has a larger volume of 
nir to deliver. The extra cost due to the excess of size 
and of weight of these pipes if the compressor is far 
away from the motor, may offset, if not exceed, the 
reduction incurred in the cost of the compressor. 

Again, taking, for instance, a mine where the com- 
pressor is located near the collar of the shaft, and op- 
erates some machinery at the lower levels; the live air- 
pipe and the return pipe are run down the shaft side 
by side, filled with air weighing a certain number of 
pounds and of ounces, and whose mass Is subjected to 
a series of consecutive periods of rest and of motion. 
If the motor works at full pressure on the whole stroke, 
the two pipes are in constant connection through a 
moving piston, so that the dead weight of the air in 
the return pipe Is balanced by a portion of the weight 


of live air contained In the feed pipe. But if the motor 
wmrks expansively, this balance is destroyed at the mo- 
ment of cut-off, and duriug the remainder of the stroke 
the motion of the air in the return pipe is produced 
at the expense of some power, either in the motor or In 
the compressor. A column of air at 100 pounds exerts 
a back pressure of 0.41 pounds per square inch f or 
every 100 feet of vertical height, and these come in de- 
duction of the mean effective pressure during the period 
of expansion. In a tunnel, where the pipes are on » 
level, or practically so, the intertia of the mass of alt 
only is to be. overcome. The amount of this loss could 
not be determined without taking a specific example 
and a mathematical treatment of the question would be 
out of place in this article; but a logical idea of the 
facts may be gained by considering a limit case when a 
very high return pressure is used (which, as previously 
stated. Increases the efficiency), and when the ratio of 
the air pressure in the two lines of pipe becomes very 
little different from the unit. 

The compressor then becomes a mere displacer, Im- 
parting to the motor an action synchronous to its own, 
by means of a fluid transmission, a device which has 
been successfully npplled with water as the transmit- 
ting medium; but then, a rapid motion of the opera' ed 
engine is out of the question. 

This, as stated, is a limit case, in which the actual 
conditions of work in the two-pipe air system are greatly 
exaggerated; but in the writer's belief, it correctly il- 
lustrates the general functions of a closed circuit, w hick 
that system implies. To what extent these elements of 
resistance would make themselves felt iix practice de- 
pends essentially upon local circumstances, such as pres- 
sure. used, length of pipes, etc. 

The tightness of the joints in the two pipe lines is -in 
important element of success, because any leak of conse- 
quence would require the refilling of the circuit by an 
auxiliary compressor; and while no great difficulty ex- 
ists in maintaining a tight line of piping in the open air, 
when it is not subject to injury, the conditions are less 
favorable in a mine. 

While the writer disclaims a personal experience of the 
two-pipe system, which alone would permit to express 
a categoric opinion, he will, in concluding, formulate as 
follows his impression on the subject: 

If the maintenance of the double pipe line proves to 
be satisfactorily practicable, it is out of the question that 
in the majority of cases, and, namely, for underground 
work, a cold air machine is more desirable* than a not 
air motor; and the above results show that an air engine 
working at full pressure, or nearly so, with a liberal 
amouut of lead, should constitute a very efficient mottr, 
with no danger of freezing, for all kinds of purposes. 
The regulation and the details of construction of such 8 
machine need not be considered at present. Both 
compressor and motor would be, for a given work per- 
formed, of smaller size than in the ordinary system. On 
the other hand, it has been shown that a hot air single 
pipe motor is just as efficient; but the economy in the 
compressing power disappears. The double-pipe system 
seems to be particularly well adapted to the motion of 
a direct acting non-compound piump, working in a datnP 
place, where no heater could be properly installed and 
maintained. Concerning the rock drilling machinery, 
the writer believes that large sized drills and channel- 
ers, working in the open nir, at a moderate distance from 
the compressor, might be profitably operated by t 1 * 1 * 
system. However, some positive evidence as to the com- 
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piirntive performance of single and double pipe rock 
dr [j|s would be necessary to modify his belief that, ow- 
, og to the rapid changes of direction in the flow of air 
w l,lch occur In these machines, a single-pipe drill will 
deliver smarter. If not quicker, blows than a double- 
pipe machine, and do more work In a given time. This 
does not mean that this work will be done with better 
or equal economy. 

For underground work, the single-pipe machine seems 
preferable, first, for the reason just mentioned; then be- 
cause this machine ventilates the front, which Is not the 
cflS e with the two-pipe drill; and then because the fre- 
quent disconnection of joints in the high pressure pipe, 
easily liable to injury, from blasting or otherwise, In a 
narrow space, makes an extra pipe of this description 
undesirable. 

Shortly after the foregoing was completed, the writer 
had the pleasure of meeting Mr. Charles Cummings, 
who has been for a number of years the apostle of the 
two-pipe system on the Pacific coast, and who kindly 
put at bis disposal several testimonials concerning tlie 
operation of rock drills on this system. 

II. P. Gray, of San Francisco, who erected and put 
In running order the Cummiugs drilling plant of the 
Llgbtuer Mining Company, at Angels Camp, Col., states 
that he can conscientiously recommend the Cummings 
system for air-actuated rock drilling machinery. The 
consumption of wood for twenty-four hours was hut 
two cords of bull pine. During this time the two 3J4 
Inch drills ran between ten and twelve hours, 9x9 hoist 
about ten hours, and a double acting sinker, 5x24, continu- 
ously except when shooting. The shaft is a three com- 
partment vertical, 100 feet deep, and is in fairly good 
drilling ground. Regarding the drills, Mr. Gray states 
that the blow is hard and the return throws the sludge 
clear over the bar, which is about five feet from the 
ground. This throwing of sludge saves much time which 
would otherwise be spent In gunniug holes. In the 
amount of power consumed, Mr. Gray considers the 
Cummings system superior to all others. 

The following Is taken from a letter written by Mr. 
Lewis F. Barlow, a San Francisco mining contractor: 
"I am running one of your 3V4 inch Cummiugs drills 
with a Cummings compressor, double pipe system, in 
a tunnel at the Summit Mine, Sunny Hill, Cal., and 
desire to express my complete satisfaction with the 
same. The air cylinder Is 5x9, and the steam cylinder 
Is 044x9. It takes only three-fourths of a cord of green 
oak mixed with manzanlta to run the compressor twen- 
ty-four hours, although the drill Is run eighteen hours 
out of the twenty-four, and In addition a 474 x 214 pump, 
••evatlng water 140 feet high, constantly day and night. 
1 have to use cold water in the boiler, as I have no 
* a y,to heat It. Am working In the hardest kind of 
rock. Where they only made 20 to 25 feet a month, 
when drilling by hand and working three eight hour 
••lifts, I have made 112 feet In twenty-eight days.” 
a second communication, Mr. Barlow says: ‘‘I have 
Oacd every other make of compressors and drills, but 
Consider the Cummings double-pipe system far superior 
0 an l other system In every respect. It makes no dif- 
lf ence at all with the running of the drills whether they 
* re olose to the compressor or not. In the Grey Eagle 

•fie, In Placer County, my drills were 2,700 feet dis- 

Dt * rom the compressor. At Sunny Hill I have com- 


pleted 500 lineal feet of tunnelln hard and tough rock 
with this system, and shall use the same machinery, for 
another 300 feet for which I have taken a contract." 

“The cost was only about half of the old style plants, 
besides the saving In foundation, etc.,” says Mr. T. P. 
Chapman, of Denver, speaking of his experience In 
operating the Cummings system In drilling and pumping. 
“At Kingston, N. M., I ran a 2 Inch pipe line from com- 
pressor to shaft, down shaft to 137 foot level, on which 
the air was taken out over 500 feet, and continuing on 
down the shaft to depth of 400 feet from that point the 
air was carried east over 500 feet and west over 250 
feet, running three drills at the same time. My longest 
connection was about 1,000 feet. For economy in cost 
of operating, I would consider it good business Judg- 
ment to remove any plant already Installed and Install 
the Cummings.” 

A report concerning a series of comparative tests made 
on a pump, both with the one-pipe and the two-pipe 
processes, was also furnished, but it Is not reproduced 
here, as Its conclusions were already given in Mr. Rich- 
ard’s last article .n “Modern Machinery.” Mr. Cum- 
mings claims that this system Is particularly well adapt- 
ed to machinery working at full pressure, and does not 
contemplate using the air expansively. This contention 
is fully supported by the preceding figures. He also ad- 
mits that more numerous and elaborate tests than those 
on record are desirable, and namely, some comparative 
trials on rock drills, In both systems, the following 
testimonials merely stating that rock drills on the two- 
pipe process did satisfactory work, hut without telling 
what these machines might have done with the other 
process. Circumstances did not permit, so far, to oper- 
ate on a sufficiently large scale, to determine whether, 
on the long run, the alleged defects inherent to the sys- 
tem are of such a nature as to compensate Its advan- 
tages. 

Mr. Cummings admits the sluggishness of air flowing 
against a back pressure, and also the necessity of over- 
coming the Inertia of the return column of air; In this 
respect, he expressed the Idea that after the completion 
of a stroke of the motor’s piston, the sudden expansion 
of the eylinderful of air at working pressure helps to 
overcome that Inertia. 

This contention, In the writer's opinion, is hot evi- 
dent; he believes that the actual facts were very ably 
presented by Mr. Leicester Allen, In a contribution to 
the “American Machinist,” namely, that the expansive 
work developed by the live air escaping in the return 
pipe Is first converted Into velocity, and almost Instan- 
taneously transformed by friction Into beat Imparted 
to the escaping air; and thnt a very small fraction, If any, 
of this expansive work, Is actually used iu overcoming 
the inertia of the return column of air, whose "mass, 
moreover, and unless the compressor and the motor are 
close to each other, Is considerable, as compared with 
the mass of the escaping air. 

The writer desires to say that he was very favorably 
Impressed with the earnestness of Mr. Cummings' views 
of the subject, and he thinks that within the field of 
action indicated by that gentleman, more extensive tests 
of the two-pipe system would be conducive to useful 
aud satisfactory conclusions. 

A. E. CHODZKO 

3 California street, San Francisco, Nov. 12. 
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January 8, 1903 


Doubling the Efficiency of Compressed Air. 

BY FRANK RICHARDS. 

In the volume of the Amer.can Ma- 
chinist for the year 1898, at page 219. 
will be found an article with the above 
title in which I showed the promise of 
largely increased econo'my in compressed 
air power transmission by the use of the 
dense air or return pipe system In this 
system the same air is used over and over 
(a small auxiliary compressor making up 
for the leakage) and the pressure in the 
exhaust or return pipe is maintained far 
above the normal atmospheric pressure. 
In the example which I considered in the 
article referred to, the assumed working 
pressure was 200 pounds gage, and the 
exhaust pressure 100 pounds. Theoretic- 
ally the system promised a great increase 
in efficiency, and this has since been real- 
ized in practice. Several applications of 
the system have been made upon the 
Pacific coast and aii have shown most 
satisfactory results. 

I am enabled tn present here some data 
from an installation of this system at the 
Bisbee West Mine, near Bisbee. Arizona. 
The plant consists of the following: One 

Ingersoll-Sergeant Straight-Line air com- 
pressor, steam cylinder 16 inches diam- 
eter, air cylinder I2;a inches, stroke 18 
inches ; one Cameron station pump, air 
cylinder i 6!4 inches diameter, plunger 6M 
inches diameter, stroke iS inches A 
6x6x6-inch auxiliary air compressor is 
connected to the low-pressure pipe line 
to supply leakage in pipe line, thus keep- 
ing the pressure constant at any desired 
point. The duration of the test here re- 
corded was 70 minutes: 


AVERAGE TEMPER XTL'RKS. 

Inlet to compressor 

Receiver 

Ir.iet to pump 

Discharge from pump 

Station 

Engine-room 


degrees F. 

. . 69’M 
. 102 
SS.8 
5 1 .6 


53 


cage pressures. 


pounds. 

Inlet to compressor 83 

Discharge from compressor 158.3 

Inlet to pump 152.6 

Discharge from pump 90.9 

MEAN EFFECTIVE PRESSURES IN CYLINDERS. 

pounds. 

Compressor 65.6 

Pump 61.7 

S PEED 


R. P. M. 


Compressor 56.35 

Pump 1 9.9 

Auxiliary compressor 98.7 

WORK. 

Total indicated foot-pounds in 
air cylinder of compressor 


per minute 1,268.400 

Total indicated foot-pounds in 
air cylinder of pump, per 

minute 751.500 

The power thus indicated at the pump 
>s 59 per cent, of that of the compressor 
cylinder, while with the usual compressed 
air practice in driving a steam pump in 
this way it is rarely that more than 25 
per cent, is realized. 

This plant is criticised for its leficien- 
cies by the operator of another dense air 
plant, where a rock drill is operated in- 
stead of a [mmp. The drill is 1,800 feet 
from tiie compressor, and there are two 
lines of 2-inch pipe 1,300 feet long and two 
lines of d-inch pipe 500 feet long. The 
working pressure is from 215 to 220 
pounds, and the return pressure 95 to 100 
pounds. Notwithstanding that it is much 
more difficult to keep the piping around 


a drill tight than it is around a pump, 
the auxiliary compressor to make up the 
leakage is not run more than a quarter ot 
the time. The compressor in this case, 
with air cylinder 5 inches diameter by y 
inches stroke, runs 90 to 95 turns pei 
minute, and besides driving the 2 -54-inch 
rock drill in “the hardest rock I have ever 
seen” it also runs a 5x6-inch slide valve 
engine eight hours a day to drive a blow- 
er, and pumps 8.000 gallons of water 200 
feet high. The joints of the pipes in this 
case were made with shellac, which the 
engineer claims account? for the small 
leakage. He also suggests that the pipes 
at the Bisbee West mine are too small, 
being :2 !-s and 3 inches instead of 3 and 4 
inches, the latter of each of course- being 
for the exhaust. 

I regret the crudeness of the informa- 
tion here given, but it still seems dearie 
to show that, both theoretically and prac- 
tically, there is much to be saved by the 
adoption of this system wherever there is 
any permanency of installation. The 
above data came from Mr. F. H. Wheelan. 
president of the Pneumatic Power Com- 
pany, 224 California street. San Francisco, 
Cal. 
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February 26, 1903. 


ENGINEERING NEWS. 


INCREASING TUB EFFICIENCY OF COMPRESSED AIR 
AT TUB BISBEB WEST MINE 
It Is possible to prove theoretically that It the 
exhaust air from an air driven pump, or drill, be 
carried back to the compressor and used over 
again, there results a very great Increase In the 
efficiency of the plant. In a recent Issue of the 
“American Machinist," Mr. Trank nichards gives 
seme data of an actual test secured from Mr. F. 
H. Wheelan, President Pneumatic Power Co., 224 
California St., San Francisco. The data follow! 

1 am ennMed to present here sotne data trora an Installa- 
tion of thin eystetn at tbs Dlsbea West Mine, near Bla- 
bee, Arleona. The plant conelete of the following: One 

I ng’eraolt -Sergeant Straight-Line air eompreeeor, eteam 
cylinder 16 Ine. diameter, air cylinder 12V4 Ins., stroke 
18 Ins. i ona Cameron station pump, air cylinder 16H 
Ins. diameter, plunger OH Ins. diameter, stroke 18 Ins. 
A Ox 6x 8-In. auxiliary air compressor Is connected to tbo 
low-pressure pipe line to supply leakage In pipe line, 
thus keeping the pressure constant at any desired point 
The duration of the test here recorded was 70 minutes. 


Ayerage Temperatures. 


Inlet to eompreeeor 

rtecsWer 

Inlet to pump 

Discharge from pump 

Illation •-••• 

Engine-room 


Degrees F. 

.... COH 
. . . . 102 
.... 888 
.... 61.0 
• i . . 12 

.... 93 


Cage Pressures. 


Inlet to compressor 

Discharge from compressor 

Inlot to pump 

Discharge from pump 


Founds. 
. 83 

,. 168 3 
, . 162 0 
, , 90.0 


Mean Effective Pressures In Cylinders. 


Pounds. 

Compressor 06 8 

I'ump 61. T 

Bpeed. 

n. r. m. 

Compressor 66 83 

Pump IBB 


Auxiliary compressor 08.7 

Work. 

Total Indicated foot-pounds In atr cylinder of 

compressor per minute 1.208,400 

Total Indicated foot-pounds In sir cylinder of 

pump, per minute 761,600' 

The power thus Indicated at the pump Is 69% of that 
of the compressor cylinder, while with the usual com- 
pressed air practice In driving a eteam pump In this way 
tt Is rarely that more thsn 20% la reallted. 

Thla plant la crltlcleed tor Ita deficiencies by the opera- 
tor of another dense air plant, where a rock drill Is oper- 
ated Instead of a pump. The drill la 1,800 ft. from the 
compressor, and there aro two lines of 2-In. pipe 1,800 ft. 
long and two llnra of 1H-In. pipe 600 ft. long. The work- 
ing pressure le from 216 to 220 Ibe., end the return pres- 
sure P8 to 100 lbs. Notwithstanding that It Is much mors 
dlltlcult lo keep Ibe piping around a drill tight than It le 
around a pump, the auxiliary compressor to make up 
the leakage le not rdn more than a quarter of tbs time. 
Tbs compressor In this case, wllh air cylinder 8 Ins. 
diameter by 9 lne. stroke, runs 00 lo 03 turns psr min., 
and bssldee driving the 2%-ln. rock drill In "the hardest 
rock I have ever eeen” II also runs a 6 x 6-In. sllds vslvo 
engine eight hours s day lo drive a blower, and pomps 
8,000 gallons of watsr 200 ft. high. Ths Joints of ths 
pines lo this oas# were made with shellac, which lbs 
engloser claims accounts for ths small leakage. He also 
suggests that the plpea at the Blsbee West Mine are too 
email, being 2H and 8 Ins. Instead ot 8 and 4 Ins., ths 
latter ot each ot course being for the exhaust. 
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see also article by Behr in the 
Transactions of the Mechanical 
Engineers’ Association of the 
Witwatersrand, 1905 

THE RETURN PIPE SYSTEM OF COM 
PRESSED Allt POWER TRANSMISSION. 


By Mr. II. C. Beiir. 


REPLY TO DISCUSSION. 

The bringing forward of what might almost be 
termed a new method of power-transmission has 
naturally called forth comparisons with trans- 
mission by electrical means. The latter is 

generally the most applicable and most con- 
venient power, but conditions are often en- 
countered where other methods are more suitable 
than electrical. 

It was such a set of conditions for a given 
case of mine drainage, which, about one and a 
half years ago, made it necessary for the writer 
to compare the merits of electricity with other 
methods, and in this connection to investigate 
the possibilities of the Dense Air System very 
fully, The general results of these investigations 
were given in the original paper. 

The design of a plant for the case in question 
was worked out in detail, and estimates of cost, 
prepared. It was intimated, in thecours- of 
the discussion, that the details of this estimate 
■should have been given instead of only the 


approximate total, ns in the original paper. The 
following is the itemised list of costs : — 


Detailed Cost op Dense Aik Pumpisii Plant.* 
1. Boil i:i! Plant. 


(Tu'o-thinh used for t/enemf jntrposes and one- 


third for ]>umpinp plant). 

1. (i 220-h.p. Boilers erected ... £7,7GO 
(.'II! lbs. water from and 
at 212 deg). 

2. Flues ... ... ... 258 

3. Economisers (320 tubes 

erected) ... ... ... 2,G50 

I. Induced Draught Plant, with 

Smoke Stock 100 ft. high ],G1G 
7>. Ash Haulage. ... ... 1,290 

0. Steam Piping ... ... 303 

7. Feed and blow-olf service, 

feed pumps, Hot well, etc. 991 

8. Boiler House, Coal Bunkers, 
approaches, Pump House, etc. 3,370 

9. Electric Light ... 50 

10. Fire Service ... ... 150 

£18,471 

Main Plant portion ... 12,314 


Pumping Plant portion ... £6,157 

11. Superheater with piping 

erected ... ... 1,107 


£7,2G4 


* This detailed estimate of the cost of t he dense ;tir plant 
was prepared by Mr. U. II. Thurston, who, at the writer’s 
suggestion, intended to present it with further remarks of his 
own. Unfortunately Mr. Thurston’s temporary absence has 
prevented this, ami the writer is therefore obliged to include it 
with his own remarks and estimates. 



2. Compressor Plant. 


65 


12. Compressor with Condenser 

and Exhaust Piping, erected £9,551 

13. Steam Piping, .Separator, 

Covering, erected ... 282 

14. Circulating Service, Cooling 

Pond, Cooling Tower ... 1,090 

15. Air Piping, Deceiver, etc. ... 2,773 

.£13,699 

3. Pumfing Plant. 

16. Two Duplex Differential 

Pumping Engines with 
Foundations, Pipe Connec- 
tions and "Valves, erected £6,837 

17. Pump Station Excavation, 

Floor and Travelling Crane 2,385 


. Suction from Sump ... 260 

. Pipe Column and Supports 1,857 


Summary. 

Boiler Plant and Superheater 
Compressor Plant ... 

Pumping Plant ... 

£11,339 

£7,26 t 
1 3,699 
11,339 

10% contingencies, say ... 

£32,302 

3,230 

4% Engineer's Fees, say ... 

£35,532 

1,421 

Grand Total 

£36.953 


A few notes and comments might lie made on 
the plant forming the basis y\ the foregoing 
estimate. 

It will he seen that the estimate is based upon 
a first-class installation, including all the various 
auxiliary machinery and appliances that help to 
secure economy of operation in a modern power 
plant. The boilers considered arc of the best 
British manufacture, and their cost is compara- 
tively high. 

The boiler plant forms an extension of an 
existing plant so as to reduce the amount of 
spares, and is proportioned for a steam consump- 
tion of 15 11 is. per i.h.p. hour. With independent 
boiler plant entirely separated from an existing 
plant, three boilers would be needed, so as to 
have one as a spare. The total cost of boiler 
plant would then lie increased by about £2,000, 
so that the total cost of plant will come to 
£38,953. 

Should the steam consumption amount to only 
12 lbs. per i.li.p. hour, which would easily 
lie the case with superheated steam under 
constant load, as in the present instance, then the 
size of boiler could he correspondingly reduced, 
and the cost of plant would remain practically as 
given in the above estimate. 

Connected with an existing boiler plant and 
using at the same time only 12 lbs. of steam per 
i.h.p. hour, the cost of the plant would be 
reduced to about £35,oOO. If, instead of an 
independently fired superheater, one of the type 
built in with the boilers and forming an integral 
part thereof were used, a reduction would also 
result on this account. 


Equipped with direct acting pumps having a 
compensating device, so as to enable using the air 
expansively as in the rotative type, the dense air 
plant would, with boilers connected to existing 
plant and using 12 lbs. of steam per i.h.p. hour, 
cost only about £33,500. 

In order to compare the cost of the foregoing 
dense air plant with an electric installation on the 
same basis the writer has prepared the following 
estimate: — 

Cost of Electric Pumping Plant. 

1. Boiler Plant. 

1. Boiler Plant with Flues, Econo- 
misers, Induced Draught 
Plant, 100 ft Stack, Coal 
Bunkers, Steam Piping, 

Superheater, Building, Ash 
Haulage, etc (under similar 
conditions as in the ease of 
a Dense Air Plant) ... £6,400 

£6,400 

2. Generating Plant. 


2. 500 lew. 3,300 volt 60 cycle 
Turbo-Genera tor, Foundations 


and Switchboard erected ... 

4,600 

3. Steam-driven Exciter Set with 


Eoundationsand Switchboard 


erected 

450 

4. Steam Piping and Covering, 


Separator and Traps 

250 

5. Condensing Plant, with electric- 


all}' driven Air and Circulat- 


ing Pumps, Transformers, 


Circulating Pipe, Exhaust 


Pipe, Excavations and Found- 


ations 

2,400 

6. Cooling Pond and Tower 

900 

7. Building over Generator and 


Condensing Plant ... 

800 


£9,400 

3. Bumping Plant. 


8. 2 51 otor-driven Geared Bumps, 


(parts made small enough to 


go down 4 ft. x 0 ft. com- 


partment), Foundations, Pipe 


Connections and Valves, 


erected 

7,000 

9. Transformers, erected 

1,200 

10. Switchboards ,, 

200 

1 1. Suction from Sump 

260 

1 2. Cable in Shaft 

300 

13. Ventilator for Station 

50 

14. Cutting Station with Floor 


and Crane over Bumps 

2,385 

15. Pipe Columns, installed 

1,857 


£13,252 

Summary. 


1. Boiler Plant ... 

... 6,400 

2. Generating Plant. 

... 9,400 

3. Pumping Plant, Pipe Colunu 

and 

Cable 

... 13,252 


£29,052 

10 per cent, contingencies, say 

... 2,905 


£31,957 

4 ,, ,, Engineer’s fees, say 

... 1,278 

Grand Total ... 

...£33,235 


The veil-designed eleetrie pumping plant 
recommended by .Mr. Peirce would cost for under- 
ground plant clone at least £ 1 , ( X )0 more then 
the above pumping plant on which the writer's 
estimate' is based. In addition, tin; extra capacity 
required hy Mr. l’eircc for eleven hours per day 
would demand corresponding extra capacity of 
generating and boiler plant, amounting to, 
perhaps, £ 1 ,500. .Add lit per cent, contingencies, 
and 4 per cent, engineer's fees, and the total 
increase of cost runs up to £(>,.'100. making the 
total cost of the electric pumping plant under 
these conditions £.'10,500, or higher than that for 
the dense air plant. 

The total cost of the underground part of 
the electric pumping plant could be reduced if 
centrifugal pumps were employed for the single 
lift of 1,200 ft. The elliciency would then, 
however, be lower, and the generating plant 
would have to he enlarged, though, perhaps, not 
to such an extent that its increased cost would 
equal the reduction due to the use of centrifugal 
pumps. The cost of the full installation would 
still be very much in excess of what Air. .McCann 
designates a liberal estimate, and which, for 


comparison, is repealed here 

( ir ) Boiler Plant ... ... ....£.4,000 

(A) Engine and (lencrator ... ... 1,700 

O') Cable 400 

(tl) Motors and Transformers ... 1,500 

{,■) Pump 4,500 

( f) Cutting .Station (a guess) ... o,000 

(</) Building ... ... ... 1.000 

(h) Pipe Line ... ... ... 2,000 


Total £21.000 


Item n of the above 'is comparable with item 1 
of the writer's estimate, and it is evident cannot 
have been based on a complete plant. 

Item h must he compared with the sums of 
items 2, 4, 4. 5 and ti of the writer's estimate 
for electric plant, which amount to £8,(100. and 
barely covers what is actually needed. 

Item tl includes the pump motor, which, in the 
writer's estimate, is taken together with the 
pumps. The transformers alone would cost at 
least £1,000, without any spares, and a motor to 
drive a pump delivering 515 h.p. in water lifted 
can certainly not be obtained for the remaining 
£500. Items tl and e taken together, and com- 
pared with the corresponding sum of items 
8, I) and 10 of the writer's estimate, give £5,000 as 
against £8,400. Mr. McCann does not enlighten 
us as to wlmt type of pump item e represents. 

Item f is qualified bv the note that it is a 
guess. In view of experience, the guess must be 
considered certainly very wide of the mark, being 
more than twice the needed amount. 

In the writer's scheme for both the dense air 
and the electric plants no spares were included 
except in the case of the boilers. In considering 
the surface plants alone, both are in about the 
same condition to meet a moderate increase of 
load without additional reserve plant. 

in the case of the underground plant, however, 
the dense air installation is in a better position, as 
it can be simply speeded up to immediately meet an 
increase in the amount of water, while the eleetrie 


plant would require a corresponding reserve pump 
and motor held in readiness to meet the increase 
at once. The capacity of the electric plan!, it is 
true, could be increased by insertion of larger 
plungers, or by a change of gears giving a higher 
pump speed, if provision for such arrangements 
were made. But Besides increasing the cost, 
either of these two plans would involve the 
stoppage of part of the plant- for a considerable 
time. The former method, by providing a spare 
pump, as suggest ci 1 by Mr. Peirce, would be, no 
doubt, the better plan, and its cost would 
probably be little greater than the provision for 
change of plungers or gearing. At any rate it 
seems necessary in the electric plant to provide 
for some reserve, which would not he needed with 
the dense air plant for, say, a 20 per cent, 
emergency increase. The cost of the electric 
plant should, therefore, be higher than the figures 
given by the writer. 

Concerning the operation under water which 
the writer mentioned as an advantage of the 
dense air plant. Air I leather maintains that this 
can also be accomplished hy a suitably arranged 
electric plant, and he states that it has been done 
long ago. lie also mentions that tramway 
motors arc arranged to work under water. The 
writer does not doubt that an electric motor 
might he so enclosed that it could work under a 
moderate submersion for a short time, but, for 
heavy pressure and continuous operation, means 
would have to he provided to remove the water 
leaking in at the stalling boxes around revolving 
shafts. Thi s might be done either by a small 
pump or by air pressure w ithin the easing exceed- 
ing the outer hydraulic pressure. The high speed 
bearings of the motor would probably soon give 
trouble, as thev would be without attention and 
lubrication for considerable time unless special 
arrangements for oiling from the surface were 
devised. With the much slower speed of the 
dense air pumps lubrication is not so serious a 
matter, especially if the pumps are direct acting. 
In the case of actual practice at the Bisbee West 
Copper Aline, mentioned by the writer in the 
original paper, there seems to have been no 
trouble whatever, even under conditions of 
extreme neglect. 

Air. Epton and Air. Cooke remark that there is 
no need to provide for submerged operation of 
the pumps. This may be true for most cases, 
but there are undoubtedly conditions and times 
when such a provision is most desirable. A well- 
known case on the Band is the Knights Deep, 
which has been repeatedly in danger of becoming 
flooded through sudden increase of water. If in 
such a case as this the additional security can be 
obtained at the same, or even a somewhat higher, 
cost, of plant or operating expense, it would seem 
that the means available which afford such extra 
security should be seriously considered in selecting 
the type of pumping plant. 

As to operating costs of the dense air and of 
the electric plants : — In order to properly com- 
pare these it will, in the first instance, be 
necessary to present more details than given in 
the original paper. The costs for the dense air 
plant, there given were based upon the following 
detailed estimate : — 
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* Patent No. 456,941 was issued to Mr. Cummings in 1891. 
f A detailed illustrated description is given by Frank Richards in American 
Machinist, April 28th, 1898, p. 23. See also Compressed Air Magazine, Oct., 
1907, p. 4599- 



Compressed Air Data, ed. William Lawrence Saunders 
3rd Ed. c 1927, Compressed Air Magazine 
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The Return-Air System 

The principal difference between the displacement 
pump, Fig. 48, and the return-air system, Fig. 51, is that 



the former method releases t ho air to atmosphere at prac- 
tically full pressure after the [lumping action, whereas 
the latter system returns this air to the compressor to 
be used over again. The return-air system, therefore, 
conserves most of this potential energy, whereas the 
displacement system throws it away. As a result, the 
return-air system will show an average efficiency of 
about 55%. 


The Engineering Magazine 
January 1914 

One characteristic of the ordinary 
plain displacement pump is the waste 
of power entailed by the direct re- 
lease of the displacing air volume 
after the fluid is rejected from the 
pump tank. This air, after doing its 
work, is still at practically full press- 
ure, therefore having all its potential 
energy of expansion. Its direct ex- 
haust into the atmosphere after dis- 
placement is the throwing away of 
this expansive power without any use- 
ful effect. 

If the air pipes from the compres- 
sor to the tanks are carried back to 
the compressor room to apply the 
pressure remaining in the air volume 


The essentials of the system are an air compressor 
driven by any convenient motive power; an automatic 
reversing switch in the compressor room; two air lines, 
each leading from the compressor through the switch 
to one pump tank; two tanks submerged in the fluid 
pumped, or within easy range of syphon action. Pro- 
vision is, of course, made for automatically replacing 
the air which may be lost in the cycle by leakage, absorp- 
tion, or in the operation of the switch. The single dis- 
advantage of the system, as compared with the pneu- 
matic displacement pump, is that a separate compressor 
must be used for the return-air pumping and it cannot 
be used for other purposes while pumping. 

The principle of the return-air system is very simple. 
Compressed air is admitted to a tank full of fluid, forc- 
ing the fluid out through a suitable discharge pipe, 
its return being prevented by a - check valve. The air 
which has displaced the fluid from the tank is then drawn 
back through the air line and switch, through the com- 
pressor intake valves, the compressor cylinder and the 
discharge valves, until equilibrium is secured throughout 
the system which then contains a charge of air at a cer- 
tain pressure above atmosphere. This equalizing opera- 
tion takes but a short time during which the compressor 
operates at no load, pressures being balanced on both 
sides of its piston. The moment that equilibrium is 
attained the compressor takes up the load, compressing 
the air in the second tank and drawing its intake, already 
at high pressure, from the first tank and pipe line. As 
pressure increases in the second tank, the fluid is dis- 
charged; while as pressure diminishes in the first tank, 
the fluid enters. 


alter displacement on the reverse side 
of the compressor piston, where it 
would help in compressing the air 
into the pump tank, we have a “re- 
turn-air” expansive displacement 
pump, operating at good economy. 

This system lias all the advantages 
of simplicity that the noil-expansive 
system enjoys, with the additional ad- 
vantage of being much more efficient. 
Under normal conditions it is safe to 
say that the “return-air” system will 
show an average efficiency of 50 to 
55 per cent, this efficiency being the 
ratio of horse power of water lifted 
to indicated horse power in the steam 
cyb'nder of the compressor, including 
ell losses. 
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r o w r. n 


tin 1 air into the atmosphere again. a constant intake pres- 
sure of. say 100 ll>. is maintained at the compressor. The 
air is compressed to, say 200 lie. is I ran.-mitted to and is 
used in the motor at that picture, and then is exhausted 
and carried hack to the compressor at a pressure of 
l<Hi lb., to he compressed and e-ed again, and so on. 


February 10. 1015 
hfS 

Retina-Pipe Cosmtptpessecdl^Air 
PracMce 
By Fiiaxk linn. unis 

A letter from a California ecrrespomleiit asks why it 
is that more has not been made of the Cummings system 
of compressed-air power tiansinission. lie says that from 
the results which have been actually attained by the system 
ir could lie advantageously employed in many places, 
especially as, besides the economy of it. there is no danger 
of lire or explosion, and it can he operated under water. 

Notwithstanding that the return-air or two-pipe pump- 
in'; system, for raising water by the direct pressure of air, 
is quite extensively and successfully employed in different 
parts of the country, and that this system has been fully 
described in various publications, the essential principles 
of the Cummings system in its entiretv are not generally 
well understood even where it happens to be known at all. 
Patented a full generation ago, it seems to have been ex- 
ploited mostly in California, and it may be worth while 
to call the attention of power users to it again. 

It is rather curious that the new departure which this 
system represents — the use of higher pressures — is quite 
in line with the improvements in steam engines, in oil 
engines, especially of the Diesel type, and in electrical 
practice. It may he claimed, however, that the two-pipe 


too Pounds. Cage £ Q 



Flu. 1. An: imuKi .N 0 x i > 100 Lit. (hut: 


air system "goes them one better.'’ In the compound- 
er the triple-expaiMoii steam engine it seems to he the 
last added portion of the pressure which secures the econ- 
omy, but the entire range of the pressure from the bottom 
to the top has all been retained, while the compressed-air 
system here to he spoken of retains and uses only the 
higher, and presumably more profitable, range of pressure. 

The essential feature of the svstem is the constant 
maintenance of a high pressure upon the air employed. 
Instead of continually compressing fresh atmospheric 
air up to, say 100 11*. gage, using it in the motor at that 
pressure, with or without expansion, and then exhausting 


Dikkkii ext I’imissi i;i: I«axgi:s ( 'omu uti-.n 

The accompanying diagrams. Figs. 1. 2. are all 
drawn to the same scale for equitable comparison, and 
may lie studied together, although each represents an o] >- 
t ration entirely distinct from and unrelated to the others: 
that is, they are not successive stages of one operation. 
In each ease the same volume of air fills the cylinder at 
the beginning of the compression, hut the actual weights 



Fiu. 2. Ain eetwee.s 100 ami 200 Lb. Gage 

or quantities of air are very ditferent. only Fig. 1 
beginning the compression with “free air,” or air at at- 
mospheric pressure. 

Fig. 1 represents the adiabatic compression of a given 
volume of air from atmospheric pressure, sav 15 lb. to the 
inch absolute, to a gage pressure of ion If,., or 115 lb. ab- 
solute. Fig. 2 shows the compres.-ion of an equal volume 
(not an equal weight) of air, hut under an initial pro- 
sure of 100 lb. gage, to a delivery pressure of 200 lb. ; and 
in Fig. 3 an equal volume of air at 200 lb. is compressed 
to 300 lb. 

In each ease the initial volume of air compressed is 
represented by the area of the rectangle AHDCA. When 
the air has been compressed to the gage pressure speci- 
fied in each ca-e its Volume i- represented bv the area 
EHDFE, and this will he the volume assumed to be dis- 
charged into the pipes and receiver. As we are speaking 
now from the purely theoretical viewpoint, nothing is said 
about clearance or other allowances made in practice. 

It is well understood that the operation of compression 
invariably increases the temperature of the air very much, 
but thi- temperature it is impossible to maintain, and mi- 
le.-- reheating i- employed, the air is never used at the 
high temperature at whi, h it i- delivered by the com- 
pressor. As the air cool- to normal temperature before 
it is used. il< volume being reduced proportionately, the 
ac tual volume available for use is represented bv the area 
< IJiDUd , this being in Fig. I only about an eighth of the 
initial volume, and not much more than one-half the 
volume EHDFE. a< delivered by the compressor . 

The air delivered under either compression represented 
may be said to have equal working value, volume for 
volume, the available pressure being 100 lb. in either 
ease, the air in Fig. 1 at 100 lb. working against atmos- 
phere only, the air in Fig. 2 at 200 lb. working against 
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is. (lie n i r of Fig. 2 and Fig. 3 — whether for driving a 
rook drill, for a steam pump or nn ;iir motor of iinv kind, 
the iiir instead of being d is<!i;i i l;* 'd into tho atmosphere, 
as it would lie from Fig. 1. is ) >i | 1 I m < k to tlio compres- 
sor with only toil ]h. of its pressure used; t Iren . volnnio 
for volume. tlio ;iir used would ho of the smii 1 power \;i I n ■ ■ 
in either ease. if not used expansively. A* the available 
volumo iloli \ oivd iu shown in Fig. 2 is four times that 
in Fig. I. a compressor of one-fourth tlio oapaeitv. or, at 
equal piston speeds, with a cylinder one-half the diame- 
ter. will he sufficient for the work. The maximum un- 
balanced pressure against the piston would he no greater 
in one ease than in the other, only it would he continued 
for a longer or a shorter portion of the stroke. There 
would he no additional strength required in anv of the 
working parts of the machine, except that the air eylindc 
and connections would have to he strong enough for the 
maximum pressure. 

As the same air is used over and over again in the two 
pipe system, arrangements being provided for making up 
leakage losses, there is no appreciable accumulation of 
moisture and no possibility of freezing up. even if sufTi- 
eientlv low temperatures should occur, which they do not, 
At the same time more or less of the lubricant is carried 
hack and forth in the air and comes in contact with the 
working surfaces. As the system is a closed one. being 
entirelv out of touch with the surrounding atmosphere and 
not a fleeted bv the local pressure, it will work at one alti- 
tude just as well as at another. 


a hink pie~-uie in the return pipe of 100 lh.. and that 
in Fig. 3 at .">00 Inn ing a hack pressure of 500 lh. 

fn com pie-d ng air from 100 to 300 lh., as in Fig. 2. 
the temperature of the air is not raised nearlv as much as 
in Fig. 1 and. consequently. the shrinkage in cooling 
from volume EH D EE to volume <11 11)11(1 is proportion- 
a(el\ much Ic'S flu, n in Fig. 1. The volume GHT)1IG hero 



Fiu. 3. An; m:nvi;i;x 300 ami 300 Lit. (hull' 

available for work is more than one-half the initial vol- 
ume ABDCA. or four times the volume available in Fig. 
1. At the same time it is to he noted that the mean ef- 
fective pressure in the compressor cylinder for the stroke, 
which is the measure of the actual work of compression, 
is deeidedlv le-s than double that of Fig. 1. (letting fully 
four times the available volume for less than double the 
power emploveil eertainlv looks like doubling the effi- 
ciency by halving the relative cost of the compression. 

In Fig. 3, compressing the air from 200 to 300 lh.. the 
heating of the air is still less and the consequent shrink- 
age by cooling also is less. The available volume deliv- 
ered. GBDFG. is five times the corresponding volume in 
Fig. 1, while the mean effective pressure required for the 
compression and delivery of the air is less than 2.1 times 
as much, which seems to be deeidedlv more than doubling 
the efficiency. 

Jt lias been assumed in each ease above that the initial 
air temperature is <>0 deg. F. With the same increase of 
]0(l lh. in pressure the final temperatures will he 4S5, l(i3 
and 121 deg., the rise of temperature being, respectively. 
123, 103 and ill deg. The enormous rise of tempera- 
ture in compressing from atmospheric pressure has led 
In the general adoption of two-stage compression, with 
intereooling of the air, thereby gaining something in 
eeononiv, avoiding the overheating of the surfaces, the 
burning of the lubricants and the danger of fires and ex- 
plosions. With the heating that occurs in Figs. 2 and 3 
there is no necessity for employing the two-stage com- 
pressor, ‘and little possibility of anv increased economy 
through its employment. 

The ratio of linn! and initial absolute pressures is: In 
Fig. 1, 7. (>(><> : in Fig. 2. 1. Stilt; in Fig. 3. 1.155. The 
ratio of the volume after cooling to (iO deg., or the volume 
available for use. to the initial volume is: In Fig. 1. 

0.130-1 : in Fig. 2. 0.335 and in Fig. 3, 0.(1825. The rela- 
tive costs of compression, as measured by the power used, 
or the mean effect i vc pressures for the compression di\ ided 
hv the volume after cooling, are: lu Fig. 1. 1 1.0 -4- 

0.130-1 = 310; in Fig. 2. IS. SS -g- 0.535 — 1 17: and in 
Fig. 3, 8G.83 — 0.(1825 = 127. Here the ratio of the cost 
in Fig. 1 is 310 — t— 1-17 = 2.17, and of Fig. 1 to Fig. 3 
it is 319 -4-127 = 2.51. 

Tt is understood that wherever this air is used — that 


Why thk System's Use Hap Reek Limited 

Now as to why the system has not been more extensively 
employed ; there is the fact to begin with that even yet 
it is not generally as well known and understood as it 
should he. Then, evidently, it would not he likely to be 
much used for intermittent work, such as the driving of 
rock drills which are continually changing their location, 
and where the maintenance of the return connection would 
cost in time and trouble enough to cancel the prospective 
advantage. 

Apparently, tho best employment of tho system would 
he for the driving of ordinary steam pumps where con- 
stant pressure i- usually required tor practically the 
entire stroke. The air of Fig. 2. at 3<K> lh. pressure and 
100 lh. hack pressure, or tho air at the higher pressures 
of F ig. 3 does not permit much profitable expansion in use, 
When used for rotative purpose-, in an engine or motor, 
the eu to If. as the compression diagram suggests, should 
never occur earlier than three-quarter stroke, so that the, 
i ulofT that may he accomplished by a good slide-valve 
engine would he all that would he available in any case. 
In this respect the air in Fig. 1 would have some advan- 
tage. as. to secure the greatest economy, it should lie cut 
o(T before half-stroke, and a certain saving would he ac- 
complished hv the expansion which would not he possible 
where the higher pressures were employed. 

There is a necessity for the compressor supplying the 
air and the engine or motor using the air to approximately 
keep pace with each other, not necessarily stroke for 
stroke, hut so that, with the aid of suitable receiver ca- 
pacity, the delivery and the return air pressures shall he 
maintained as constant as possible. This implies that 
the two working units of the system should lie adapted 
to each other in capacity and that an automatic pressure 
governor should control the compressor. 
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To all whom it may concern. 

Re it known that I, CHARLES Cummings, a 
citizen of the United States, residing at Oak- 
land, in the county of Alameda ami Stato of 
5 ‘California, have invented certain netv and 
useful Improvements in Appai 'tus for Trans- 
mitting Power by Means of Cc ^pressed Air; 
and I do hereby declaro the following to l>e a 
full, clear, and exact description of the inven- 
io tion, such as will enable others skilled in the 
art to which it appertains to make and use the 
same. 

This invention relates to machinery for 
transmitting jiower by means of compressod 
1 5 air or other gases, the object of tho invention 
beiug to provide bettor, cheaper, more com- 
pact, and more ofticient mechanism for the 
purpose indicated, whereby the best results 
may be achieved in thu application of energy 
30 to successful work at a point distant from 
where the energy is generated with the least 
possible percentage of loss of energy in tho 
transmission; and the invention consists, 
essentially, in the construction, arrangement, 
25 and combination ot parts for carrying into 
practical effect and operation the underlying 
principle or method upon which the inven- 
tion is based, which is — to wit, the employ- 
ment of two unequal pressures of air, both 
30 above the normal atmospheric pressure and 
maintained at a constant ratio to each other, 
tho air circulating through a system of pipes 
or conduits and other parts, which system is 
closed to the external atmosphere after tho 
35 apparatus has once been charged, and said 
cou flued bot.y of air being alternately ex- 
panded and compressed during tho circula- 
tion, all substantially ns will bo hereinafter 
fully described, and then more particularly 
40 pointed out in the subjoined claims. 

In the annexed drawings, illustrating my 
invention, Figure 1 is a side elevation of my 
improved machine for transmitting power by 
means of compressed air or other gases. Fig. 
45 2 is a top plan view of the same. Fig. 3 is a 
right-hand elevation. Fig. 4 is an en- 
larged longitudinal section on the line ir iv 
of Fig. 2. Fig. 5 is a cross-section on the line 
zz of Fig. 0. Fig. 0 is a longitudinal section 
50 on the line x x ot Fig. 7. Fig. 7 is a cross- 
section on the lino y y of Fig. 0. F : ". 8 is a 
▼ertlcal section of the air governor ^device 


for maintaining the unequal air-pressures at 
a fixed and constant ratio. Fig. t) is a side 
elevation of the same. Fig. 10 is a plan view’ 55 
of the entire apparatus on a diminished scale 
and shows an example of driven machinery. 
Fig. 11 is a vertical section of tho automatic 
valve which is sometimes used. 

Like letters of reference designate corre- 60 
sponding parts throughout all the different 
figures of the drawings. 

My invention aims by novel means to prac- 
tically embody a novel principle or method 
which has never to my knowledge been car- 65 
ried into actual operation in a practical ma- 
chine. This principle or method consists in 
the use of two unequal pressures of air, each 
above tho normal atmospheric pressure and 
bearing to each other a fixed ratio, which is 70 
kept constant, the body of air which is held 
at these two pressures being confined in a 
closed system. It will bo remembered that 
in the common and well-known machine for 
transmitting power by means of compressed 75 
air the air is drawn into tho com pressing-en- 
gine from the open atmosphere, after which 
it is compressed until its expansive force is 
sufficient to perform tho intended duty where 
the power is required. Tho compressed nir, So 
after acting on the motor or engine where 
the power is applied, is exhausted back into 
the atmosphere, thus falling again to the nor- 
mal atmospheric pressure. 

In my improved apparatus I employ two 85 
air-pressures, both above the atmospheric 
pressure instead of ono increased pressure 
and tho ordinary atmospheric pressure, as in 
the common machine, and in my apparatus 
tho nir used is not drawn from* the atmos- 90 
pliere or exhausted thereinto during the op- 
erations of the apparatus after it has once 
beeu charged, except for the incidental pur- 
pose of supplying the slight loss occasioned 
through leakage; but tho operations of the 95 
apparatus are performed on a confined body 
of air shut off from communicatiou with the 
external atmosphere. I have a suitable driv- 
ing apparatus or power devieetPW’jh actuates 
the air-compressor. This, compressor is so 
constructed and works in such a way as to 
create fwo pressures of air, both above the 
ordinary atmospheric pressure, one being, for 
example, one hundred pounds to the square 
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Inch ami tho othor, for example, two hun- 
dred pounds to the square inch, the high 
pressure in this eoso being doublo tho low 
pressure, or tho ratio ns two to one. There is 
5 a system of pipos provided with valves, which 
pipes carry tho air to tho driven apparatus, 
where the eompressed air is to do its work. 
The air circulates constantly between tho 
compressor and tho motor, passing through 
io reservoirs or receivers, if desired, and in this 
driven machine tho unequnl air-pressures 
will bo on opposito sides of the piston, thus 
leaving the piston unbalanced and permit- 
ting it to move in tho ordinary wnj\ Hence 
15 in one part of this circulating system the air 
is at one pressure, while in anothor part it is 
at another pressure, tho air thus being sub- 
ject to constant change from one pressure It) 
another as it circulates. This change takes 
to placo alternately, tho air, when at high press- 
ure, doing its work in tho motor and then ex- 
hausting into tho low-pressure air and so con- 
tinuing until it again reaches the compressor 
and is reconverted into high-pressure air. 
35 This change of volume takos placo with but 
littlo loss of power through heat, so that ef- 
ficiency in tho operation of tho machine is 
promoted. 

C denotes tho main frame or bed of tho 
30 machine, which may be of any suitable and 
desirable form to permit the convenient ar- 
rangement thereon and therewith of the sev- 
eral mechanical parts. 

B B' designate the two parallel cylinders of 
35 the air-compressor. I preferably use two, al- 
though there may bo any number. Tho air- 
compressor is drivon by any suitable means. 
Steam is the motive power in tho example of 
mechanism illustrated in tho drawings. 

40 A and A' denote the steam-cylinders, which 
are of any usual pattern. The piston of cyl- 
inder A has piston-rod a. Cylinder A is, for 
the sako of convenience, located in line with 
the air-cylinder B of the air - compressor. 
45 This latter cylinder has its piston provided 
with piston-rod h, which is in lino with the 
iston-rod a. Between the piston-rods a and 
is the yoke c, which is firmly connected to 
both rods. The piston of cylinder A' has pis- 
50 ton-rod a'. Cylinder A ' is, for the sako of 
convenience, located in lino with the air-cyl- 
inder B' of the air-compressor. This latter 
cylinder has its piston provided with piston- 
rod b\ which is in lino with the piston-rod o'. 
55 Between the piston-rods o' and b’ is tho other 
yoke c, which is firmly connected to both rods. 

The main shaft D of the steam-engine is 
carried horizontally in suitable bearings I)' 
D'on the main frame C. Ateachendof this 
60 main shaft are the crank-disks d d, having 
theiferank-pins sot at right-angles, so that 
the engine may start when the connecting- 
rods are in any position, to which are piv- 
oted the connecting-rods F F, which are con- 
65 nected at their other ends at points within 
the yokes 0 c. (See Fig. 1 .) On the drive- 
shaft D are also the band-wheelE,governor- 


pullcy K', and eccentrics r /, said cccontrics 
having the occontrie-rods f/, that arc con- 
nected to the valve-rods f* /*, belonging to 70 
the valves within tho valve-chests f'f' J on the 
sides of tho two stcain-cyiimlors A and A'. 

Tho licit r\ passing around tho governor-pul- 
ley K\ runs nlso over tho pulley /yon the shaft 
of tho lmll-govcrnor II, (seo Figs. 1 and 2,) 75 
which is of nny common and well-known con- 
struction for a steam-governor and which 
serves tho usual purposo by controlling a 
valve in tho steam-pipe II', whieh runs from 
the boiler to tho steam-cylinders, passing on 80 
its way through tho air-governor, ns shown 
in Fig. 1, tho construction of which air-gov- 
ernor will Ik* presently explained. 

Tho ball-governor is used to avoid acci- 
dents in case anything happens to the air- 85 
governor, and is of course adjusted properly 
for this purposo. I have thus given a sum- 
mary description of the steam-engine, which 
in tho present example of my invention I 
have arranged for driving the air-compressor. 90 
It will bo understood, and I here emphati- 
cally state, that said compressor may be op- 
erated by any motor, if desired, as well as by 
a steam-engine. Therefore the engine herein 
shown and described is simply given as ono 95 
convenient type or form of mechanism for 
tho purpose. 

I will now proceed to describe tho con- 
struction of tho mechanism for compressing 
the air in such a manner as to produce the 100 
two unequal air-pressures, both above the 
normal atmospheric pressure, which I have 
already above alluded to as being the founda- 
tion idea ol tho invention. 

B and B' represent, as we havo seen, tho 105 
two air-cylinders, within which are tho pis- 
tons It 1 , one of which has tho piston-rod h 
and the other the piston-rod b\ By referring 
to Figs. 4, 5, G, and 7 the construction of these 
nir-c3’linders will be clearly seen. They are 110 
constructed similarly. 

IP denotes the bore of the cylinder, within 
which the compressing-piston It* is fitted and 
whorein it operates. This bore is preferably 
surrounded with a water-jacket h for the pur- 115 
pose of keeping tho parts from becoming 
heated during tho operation of compressing 
tho air. Tho cylinders are provided at each 
end with hollow heads B* IP, which are bolted 
or otherwiso firmly secured to the main body 12c 
of tho cylinder, as shown in Fig. G. Each of 
the hollow heads IP is divided by a vertical 
part ition I (see Fig. 5) into two compartments, 
and in the main bod}' of the cylinder, above 
tho water-jacket h, are two horizontal chan- 125 
nels J and J', divided by a longitudinal par- 
tition or wall exactly in line with the parti- 
tions I I in each head, so that, tho chambers 
in the bends, in conjunction with these chan- 
nels J and J', which calfcmniitCate therewith, 130 
form two separate and distinct longitudinal 
compartments. The bore B s has the heads h ' 
h\ which constitute the inner vertical walls 
of the bollow heads B 4 , being an integral 
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} >art thereof, each of which heads or walls 1/ 
s provided with four openings, (see Fig. /»,) 
two of which lloon ono sido of tho partition I 
and two on tho other side. At each of these 
5 openings a valvo is arranged. Tho hollow 
heads are of sufficient si/.o to contain tho 
mechanism of these valves, as shown. There 
are therefore four valvos at each end of tho 
cylinder-bore 11*, and two of these four open 
io inwardly into tho bore as suction- valvos, 
while tho other two open outwardly from tho 
bore as discharge- valves, a pair of suet ion - 
valves being on ono sido of partition I, and 
thus between ono of tho longitudinal com- 
15 partments and tho boro IF of tho cylinder, 
and a pair of discharge-valves being on tho 
opposite side of the partition, and thus be- 
tween tho other longitudinal compartment 
and the boro of tho cylinder, it being noted, 
ao furthermore, that one compartment of tho 
air-cyliudor, which I term tho “low-press- 
ure” compartment, because it contains air 
at tho lower of tho two unequal pressures 
already spoken of, is provided with four 
*5 valves on the ends of the bore, which valves 
are all suction-valves, and also that the other 
compartment of the air-cylinder which I term 
the “ high-pressure”compartment, because it 
contains air at the higher of the two unequal 
30 pressures already mentioned, is provided with 
four valves on the endsof the bo re, which valves 
are all discharge- valves and permit tho coin- 
pressed air to bo discharged through them 
from the bore into the high-pressure com part- 
35 ment; or, ns it may be otherwise stated, each 
end of the bore is furnished with four valves, 
two suction and two discharge, the suction 
serving to admit air to the cylinder to bo 
compressed and the discharge to allow the 
40 exit of the air after compression, all of SAid 
valves opening so as to establish proper com- 
munication with therespectivecompartments. 
Proceeding now to describe more minutely 
the specific construction of these valves sons 
45 to show one way in which they may bo built, 
it being evident, of course, that tho struct- 
ural details may vary greatly in practice, wo 
see that at each of the openings in the bore 
ends h' h' a valve-casing / is screwed hori- 
50 zon tally into the head. The casings * which 
lielong to the discharge-valves are perforated 
with a suitable number of openings P 
The casings i which belong to tho suction- 
valves are preferably imperforate, but open- 
55 ended. In the suction-valves, one of which 
is shown in detail at the left in Fig. 4 , a sta- 
tionary tubular casting^ is supported by a ver- 
tical perforated diaphragm within the valve- 
casing i in such a manner as to leave an 
6c annular space between tho casting and the 
casing, k indicates the valve, having an 
inclined seat and adapted to open inwardly 
into the bore B*. The valve-stem k' of valve 
k lies horizontally within the tubular cast- 
65 ing j. On the outer end of stem k ' is a 
nutj , having a flange thereon, and likewise 
a jam nut or collar f, secured in place by ! 


a pin. A coiled spring /• surrounds the 
casting,/ and is tensioned between tin; flango 
on nut,/' and tho diaphragm which supports 7c 
tho casting in }H>sitioii. The spring is so ar- 
ranged as to normally keep tho valve closed; 
but when the pressure on the other side of 
tho valvo in tho boro IF falls below tho press- 
ure iu the valve-casing, plus tho slight power 75 
of tho spring, tho valvo will open, overcom- 
ing tho resiliency of tho spring and compress- 
ing the same, and thus permitting air to pass 
through tho valve. Air enters the suction- 
valve, as will bo scon, through tho annular 80 
opening at tho cml of the valvo-casing. The 
discharge-valves have a slightly different con- 
struction. The casing i of theso valves is per- 
forated, as we havo seen. A casting /' lies 
within tho perforated casing, so as to leave 85 
an annular space, the outer part of this cast- 
ing being enlarged and screwed into the outer 
end of tho valvo-casing. f donotes tho valve, 
having the stem P, which lies within a hori- 
zontal passage in the casting /', the seat of 90 
the valvo being beveled and the valvo de- 
signed to opon outwardly from the bore. A 
spring P is coiled around the casting /^bear- 
ing at one end against the valvo l and at the 
other end against a shoulder on said casting. 95 
Hence when valvo / opens tho spring is com- 
pressed, and said spring serves to close the 
valve at tho proper time. Obviously when 
the pressure within bore ll 3 against the face 
of tho valve / is greater than the air-pressure 100 
within tho valve-casing and adjacent com- 
partment, plus the slight power of the spring, 
the discharge- valvo will open atul allow the 
passage of air out of tho l>ore IF. 

From the foregoing description of the con- 105 
st ruction and location of tho suction and dis- 
charge valves it will bo evident that when 
tho piston IF moves to tho right in tho direc- 
tion of the arrow as shown in Fig. 4 the two 
suction-valves in its rear, which lead from tho 1 10 
low-pressure compartment of tho cylinder, 
will, in consequence of the vacuum created in 
tho rear of the moving piston, lie opened to 
permit air to flow in behind the piston, said 
inflowing air being cither of atmospheric 115 
pressure or of a higher pressure, ns tho case 
inay bo. The two discharge- valves in the rear 
of tho piston, which communicate with the 
liigh-prossuro compartment of the cylinder, 
are at this time closed, while the two suction- 120 
valves in front of tho moving piston will be 
closed, tho air being compressed against them; 
but tho two discharge-valves which lead into 
tho high-pressure chamber in front of the 
moving piston will, when thcair iscompressed 125 
against them, be opened, allowing tho air at a 
higher pressure toenter tho chamber of higher 
pressure. When the compression-piston re- 
verses its movement, a similar operation will 
take place, the air now entering through the 130 
other two suction-valves, while the air in ad- 
vance of the piston is delivered in a com- 
pressed eond ition into t hehigh-pressureebaro- 
ber through the other pairof discharge- valves. 
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Tho upper side of lhu air-cylindor II' ison- 
torod by ft vertical pipo K, which discharges 
air into tho chftiinof J, that connects tho two 
head chambers, which, tnkou together and in 
5 conjunction with said chnnnol J, constitute 
tho low-pressure compartment of tho nir-cyl- 
indor. (Soo Flap, .*1 and 4 .) Tho upper sido 
of the air-cylinder is also entered by another 
vertical pipo O, which receives air from tho 
io channol J', that eonnocts tho two head cham- 
bers, which, taken togothorand in conjunction 
with said passage J', constitute tho high-press- 
ure compurtmont of air-cylinder IF. The pipo 
K has a short horizontal branch pipe K', which 
15 is provided with a valve K 1 , said branch pipo 
K' opening into tho atmosphere. Tho pipe 
K is therefore an air-induction pipe for de- 
livering air to the cylinder 11 ' ftnd the pipo G 
an air-eduction pipe for withdrawing nml car- 
20 rying ftir from tho said cylinder, the former 
l>eing ft “low-pressure” pipe, so cal led, and con- 
voying air of atmospheric pressure (or of tho 
lower of the two unequal pressures, ns the 
case may be) into the cylinder, while the tnt- 
25 ter is a “high-pressure” pipe, so called, and con- 
veys compressed air nway from the cylinder. 
When tho vnlvo K* is open and the apparatus 
is being charged, tho function of pipe K is to 
deliver atmospheric air to tho cylinder; but 
30 after said valve has been closed and the val vo 
m has been opened, then tho pipo K serves to 
deliver to the air-cylinder air at a certain 
lower pressure, but ftbovo tho atmospheric 
pressure, while tho pipo G serves to carry 
35 from the cylinder compressed nirata certain 
higher pressure than tho air in the induction- 
pipe, tho air in tho two pipes being thus of 
u nequa! pressures. The other air-cylinder 15 
is suitably entered by induction and eduction 
40 pipes. 

L denotes the induction or low-pressure 
pipe, situated vertically abovo cylinder B and 
entering through the upper side of tho cylin- 
der into the channol that forms a part of the 
45 low-pressure compartment of tho cylinder. 
M denotes the eduction or high-pressure pipe 
located vertically above the cylinder 15 and 
entering through the upper side of the cylin- 
der into the channel thnt forms ft portion of 
50 the high-pressure compartment of this cylin- 
der. Tho pipo Lhasa short horizontal branch 
7 /, which is provided with a valve L*, said 
branch pipe 1/ opening into tho atmosphere 
in the samo way as tho pipo K'. It will bo 
55 readily seon that tho function of the pipes L 
and M is the same as that of the pipes K and 
G. The pipes L And K, having a similar 
function, (beingboth low-pressure pipes,) are 
connected together by the horizontal pipe I/, 

60 and likewise tho pipes G and M, having a 
similar function, (being both high-pressure 
pipes,) are connected together by tho hori- j 
rental pipe G\ The pipes K and M, being 
the main low and high pressure pipes, extend 
65 upward vertically for some distance, or as far 
as may be necessary. They are connected 
together at one point by a horizontal pipeN, 


(sec Fig.:i,) having therein a valve N', adapted 
to lio opomtcd by hand, and at a point above 
pipo X tho pipes K and M are connected 
by another horizontal pipo O, which is pro- 
vided with 1111 automatic valve O', The pip© 
O is only used at certain times, as will 1 m> here- 
inafter related. At tho upper end of the low- 
pressure pipo Ka pipe Pis connected thereto, 
which runs from the motor or driven appara- 
tus where tho power is applied to the work, 
and also at tho upper ©nd of the high-press- 
ure pipo M a pipo P' is connected thereto, 
which likewise leads to tho driven apparatus, 
said pipo P' conveying tho high-pressure air 
to said apparatus, while the pipo 1* carries the 
low pressure or ex ha 11st back from said appa- 
ratus and assists in returning it to the com- 
pressor. 7 'hc low-pressure pipo K is provided 
at a suitable point with a gago o for indicat- 
ing the pressure in the pipe, and also with a 
safety- val vo p for relieving any undue or 
dangerous pressure, and likewise the high- 
pressure pipo M is provided with a gage o' 
and a safety-valvo //. In the low-pressure 
pipo K, at » suitable point above where the 
horizontal pipo L* is coupled thoreto, isa valve 
in, the function of which will bo stated in de- 
scribing tho operat ion. 

In Fig. 10 I have shown n plan view of the 
entire apparatus, including a plan view of 
one form of tho driven machine. r i’his driven 
machine or apparatus may obviously be of 
any kind and for any purposo or work, such 
as » common engine or a rock-drill pump or 
any other machine. 

In the example delineated in Fig. 10 , V de- 
notes a cylinder,#- a pistou-rod,and V'a driv- 
ing-slmft, while #•' is theconneeting-rod. The 
low-pressure pipo P and the high-pressure 
pipe P' are both connected to cylinder V, so 
that low-pressure air is on one side of tho 
piston when high-pressure air is on the other 
side thereof, leaving the piston unbalanced 
and permitting the engine to operate as usual. 
This bare outline or a driven machine will 
servo to explain sufficiently and indicate how 
the pipes leading thereto are arranged and 
the power applied. 

In order to govern tho air-pressures, keep- 
ing them regular and constant and maintain- 
ing a fixed ratio to each other, I provide 
what I call an “air-governor.” This governor 
has two main functions: first, to regulate the 
speed of the compressor with relation to the 
work to be done by the driven machine— i.e., 
to proportion tho speed of tho compressor so 
thatanynmount of work maybe done that is 
required (within, of course, the limit of ca- 
pacity of tho machine)— and, second, to main- 
tain the desired ratio between the pressures 
in the circulating-pipes. 

n and «' designate two pipes leading from 
opposite ends of the pipo N, or one leading 
from high-pressure pipe M and one leading 
from low-pressure pipo K, said pipe n being 
the one that leads from low’-pressure pipe K 
and is filled with low-pressure air, while said 
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pipe n'is the one leading from high- pressure 
pipe M, and is consequently filled with high- 
pressure nir, Tho <*ourso of tho pipes n and 
it ' is soon in Figs. I and :f. 

5 The construction of t lie air-governor issccii 

in detail in Figs. 8 and !». At the upper end 
of the governor is a vertical cylinder Q, con- 
taining a trunk-piston (}', having a certain 
area. Tills cylinder I preferably term the 
jo “ low-prossuro-govornor ” cylinder, bccauso 
it is at that end of the governor where tho 
low-pressure pipo n arrives, and hence low- 
pressure air acts upon piston Q'. Thecylin- 
der Q abovo the piston Q' is filled with oil or 
15 some lubricant, and the upper end of the cyl- 
inder is provided with a projecting pipe n\ 
through which the lubricant is fed into the 
cylindorwhen needed. This pipe is entered 
by the low-pressure pipo 11, and therefore, 
*0 speaking in strictness, the low-prcssuro air 
acts against the lubricant instead of against 
the piston; but tho surface is of the same 
area, and hence tho result is the same. lie* 
tween the upper head of cylinder Q and the 
piston Q' is a spring q, immersed in the lu- 
bricant, which spring allows the valve to open 
and close gradually and cushions the move- 
ment. Furthermore, it will be noted with re- 
spect to cylinder Q that its lower end is pro- 
30 vided with an oil-drip pipe r* to receive any 
oil that may jmssibly leak between the piston 
and cylinder. At tho lower end of the gov- 
ernor is another cylinder It, containing a 
trunk-piston It', having a certain area less 
35 than the area of piston Q'. This cylinder I 
preferably term the “high-pressure-governor” 
cylinder, because it is situated at that end 
of the governor where the higli-pressuro pij>e 
n' arrives, and hence high-pressure air acts 
40 upon tho piston H'. Tho lower end of the 
cylinder It is filled with lnbricating-liquid in- 
serted thereinto through the bent pipe »*, the 
upper end of which is higher than cylinder 
It. This pipo is entered by tho high-press- 
45 lire air-pipe ?/, and therofore, speaking more 
accurately, the pressure of the air is exerted 
directly upon the oil or lubricant instead of 
upon the piston It'; but the result is the same, 
between tho upper cylinder Q and the lower 
50 cylinder it is a hollow valve-chamber II*, 
through which the steam-pipe II' pusses. 
Said valve-chamber II* is secured to cylinder 
Q by the vertical bolts r r, passing through 
flanges on the cylinder and on the chamber. 
55 It is also connected to cylinder It by tho ver- 
tical bolts r 0 r\ which pass through suitable 
flanges on the valvo-casing and on the cylin- 
der R. In this way the two cylinders and 
the valve-casing are firmly fastened together 
60 in such a manner as to leave a convenient 
space between the valve-casing and each cyl- 
inder, the bolts or rods /• r and r' r' being 
long enough to permit of this. 

S indicates a yoke having a general oval 
65 form and surrounding loosely the valve-, 
chamber H*, the upper end of the yoke being 
in suitable proximity to the bottom of the 


cylinder^, while the lower end of the yoke 
is near to the iipjier end of cylinder It. 

T denotes a short bar or rod, I he upper ond 7 j 
of whit'll enters loosely a socket in the lower 
ond of the piston <2',said bar passing through 
the bottom of cylinder Q, wliilo the lower end 
of the bar or rod T enters loosely a socket in 
tho top end of yoke S. This rod T is held in 75 
place by the down want pressure of the piston 
Q'. Another rod or bar T' has its upper end 
received loosely into a socket at the bottom 
of tho yoke S, while its lower end loosoly en- 
ters a socket in the piston R\ belonging in 80 
tho higli-pressuro cylinder R. Tho rod T' is 
held in place by the upward pressure of the 
piston It'. ,Near its upper end the yoke S is 
provided with a cross-connection s, having a 
nut which holds the screw-threaded ond of a 85 
valve- rod This rod carries the valve H* 
at its lower end within the steam-pipe 11', 
said valvo being of any suitable and preferred 
construction and arranged to gradnate the 
flow of steam through tho steam-pipe from 90 
the boiler to the engine in proportion to the 
amount of work to be done, and also to con- 
trol tho flow whenever it maybe necessary to 
thus cut off or graduate theamount of steam, 
and thereby govern tho speed of the engine 95 
and compressor. Said valve operates auto- 
matically. I will now detail the operation of 
this governor device. It keeps the ratio of 
the air-prossures constant and controls the 
speed of the compressor in proportion to tho 100 
amount of work to be performed. Its func- 
tion is not to maintain a uniform speed un- 
der all circumstances, as is the case with tho 
ordinary steam-engine governor; but my air- 
governor is designed to automatically vary 105 
the speed of the compressor to suit tho work 
being done by the driven machine, and the 
speed of the compressor is of course by vary- 
ing tho speed of t ho motor-machine, which in 
tho present example is the steam-engine. 110 
Thus one kind of driven device — such as one 
rock-drill — may require a certain number of 
revolutions of tho steam-engine per minute 
toaetnatetheeompressor sufficiently to trans- 
mit the required jiower to drive said drill. 115 
Obviously two of thesedrills will require twice 
as many revolutionsof theactnating-engineto 
drive them. The air-governor automatically 
varies the steam-supply so as to control the 
speed of the engine and enable it to perform 1 jo 
the required duty. Likewise the said gov- 
erner keeps tho ratio of pressure constant. 

If at any time the compressor runs faster 
than is necessary, so as to compress more air 
than is required todrivo the driven machine, 1 15 
the pressure in the high-prossuro pipo will 
increase and that in tho low-pressure pipe 
will diminish, and the variation of pressures 
influences the air-governor, so that it tends to 
lessen the speed of the compressor and re- 130 
store the normal ratio of pressures. On the 
other hand, if atany time the compressor^ run- 
ning slower than is necessary to compress air 
asfastas thedriven device requires,the press- 
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ure in the high-pressuro pijM. 1 will decrease 
and that in tho low-pressure ir.prcn.se, nnd lli is 
variation of the ratio, acting on the air-gov- 
ernor, tends to increase the .speed of the coin* 
5 pressor and restore the normal ratio of press- 
ures. When the same conditions of work to 
be done obtain, tho air-governor keeps tho 
ratio of pressures constant by regulating the 
speed of the motive power and keeping it 
to constant so long as theconditions of work do 
not change. When tho conditions of work 
vary through inequalities in the rock or a 
multiplication of tho drilling devices, (sup- 
posing the driven dovico to be a drill,) then 
15 the air-governor operates upon the motor-en- 
gine and automatically changes and propor- 
tions its speed to conform to tho change in 
tho work and make it capablo of doing more 
or less work, as may bo required, maintain- 
ao ing all tho while a constant work. Evidently 
increase of work to be done will lessen tho 
amount of high-pressure air, thus causing the 
valve to open wider and the ongine to run 
faster to supply the required amount of high- 
35 pressure air. 

The areas of tho two pistons Q' nnd It' 
have tho same ratio as tho air-pressures. 
Thus, if tho high-pressuro air is two hun- 
dred pounds to the square inch and the low- 
30 pressure air is one hundred pounds to the 
square inch, the area of piston Q' will bo 
twice the area of piston R', since the press- 
ures upon one inch of surface of piston It' 
will be balanced by tho pressure upon two 
35 inches of surfaeo of piston Q'. In this case, 
therefore, when tho pressure in pipe n is ono 
hundred pounds nnd tho pressure in pipe «' 
is two hundred pounds, these pressures will 
exactly balauce each other in the governor 
40 and tho pistons and other parts will remain 
in equilibrium. When tho governor is in 
this condition, tho parts may l>e adjusted up 
or down by hand and (but for tho spring q) 
would remain in any position where they 
45 might bo placed. The spring q, however, is 
interposed above the piston Q', so as to add 
a little excess of pressure to that end of the 
governor and disturb what would otherwise 
be an equilibrium sufficiently to keep tho 
50 valve II 3 normally open, although tho spring 
q is of slight power and readily overcome by 
any slight increase in the high-pressuro air. 
The spring is further advantageous in allow- 
ing a gentle motion in the parts of the gov- 
55 ernor. It cushions tho end of the piston and 
provents the shock which might take place 
when a change of ratio suddenly occurs and 
disturbs the equilibrium. The present ex- 
ample of governor is described simply as an 
60 example. Especially is this true with re- 
spect to the areas of tho pistons Q' and It.' 
These areas vary, of course, in different gov- 
ernors where different ratios between the air- 
pressures than that of two to one are em- 
65 ployed in the apparatus. 

In order to change tho ratio of pressures 
without altering the pistons, weights may be 


hung upon the yoke S at the perforations S'. 

I will now explain tho ojieration of the 
main apparatus. 7° 

Referring to Figs. - nnd Jl, 1 will first de- 
scribe tho ojieration when cross-pipe N, hav- 
ing valve N', is used and cross-pipe O is sup- 
posed to lie idlo or is removed from the ap- 
paratus. First, tho valves K* nnd L* will be 75 
opened to admit atmospheric pressure air 
into tho pipes 1 / and K' and thence into the 
compressing-cylinders. The valve N' will 
also bo opened, usually by the hand of the 
operator, it being non -automatic, and the 80 
valve m closed. Then the compressor will be 
set to work, and air will 1)0 drawn from tho 
atmosphere into tho compressing-cylinders, 
compressed therein, nnd sent through the 
pipes G 3 VI N K above valve rti and pipes P and 85 
P'. The compressed air in the entire system 
will of course Im now at tho same pressure 
nnd a like degree of pressure will bo indi- 
cated on both gages — that belonging to the 
high-pressuro pipe and that belonging to the 90 
low-pressure pipe. The operation of com- 
pressing will bo continued until both gages 
register, say, one hundred pounds, supposing 
this to be the amor it of the lower of the two 
unequal pressures. Then the operator will 95 
close valve N'. This will separate the sys- 
tem of low-pressure pipes from the system of 
high-pressuro pipes, leaving the pressure in 
tho former system fixed permanently at one 
hundred pounds. The operation of the com- 100 
pressor will continue until the air in the high- 
pressuro pipes has attained a pressure of two 
hundred pounds, when the inlet-valves K* 
nnd L* will l>e closed by hand, preventing the 
admission of any more air, nnd tho valve ni 10 
will bo opened by hand, allowing air at a 
pressure of one hundred pounds to be deliv- 
ered to tho compressor-cylinders. Wo have 
now our closed system, wherein the air circu- 
lates between the compressor and the motor. 1 10 
Tho air in one part of the apparatus is at one 
hundred pounds pressure, as will be seen 
from ono of tho gages, and the air in the other 
part of the apparatus is at two hundred 
pounds pressure, as will be seen on the other 1 1 
gage. Here, then, are the two unequal press- 
ures of air, both abovo the atmospheric press- 
ure, the ratio of the pressures being as two 
to one, which ratio is kept constant by means 
of theair-governor,andthisgovernorisfound i2> 
in actual practice to do its work so perfectly 
that hardly an}’ fluctuation of tho ratio is 
perceptiblo upon the gages or indicators with 
which the apparatus is provided. It will be 
noted that uo atmospheric pressure air is i?< 
draw r n into the machine during its operation. 

The compressor always works upon air at one 
hundred pounds pressure instead of upon 
air at atmospheric pressure. To supply any 
trifling leakage that may take place, I provide 1. 
a little air-pump U, (see Fig. 1,) which may 
t>e of any suitable and ordinary constructiou 
and which delivers into the low-pressure pipes 
at some suitablo point. 
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I will now briefly describe the ope ration 
when the cross-pipe (), having llio automatic 
valve O', is made use of. In this caso the 
pipe N serves no necessary pur|H>se, although 
the valve N' might bo left oj>en until all the 
pipes are filled with airat one hundred pounds 
pressure, but lies idle with the valve N'closed, 
and also the air-governor is not used, but the 
valves in the air-pipes « and n', running to 
the governor, (said valves are shown in Kig. 
1 ,) are closed. In starting the apparatus the 
valves K*and L* will be oj>eu and the valve m 
closed. The valve O' will likewise be closed. 
This valve is constructed to operate automati- 
cally, and is so arranged that it will open only 
when tho pressure on one side of it is one 
hundred pounds greater than the pressure on 
the other side. Of course it may be adjustod 
for other pressures; but in the present exam- 
ple wo suppose it to open at ono hundred 
pounds pressuro on ono side abovo that on 
the other. 

The detailed construction of the automatic 
valve is shown in section in Fig. 11. It con- 
sists simply of any ordinary valve «*. W is 
the screw-threaded valve-rod having thereon 
» nut W*, tongued to slide in grooves in tho 
side of the valve-casing, tho upper end of the 
valve-rod W projecting through the top of 
the casing and formed for tho attachment 
thereto of a wrench, whereby the rod may bo 
rotated and the nut W* moved up or down. 
A spring ir' envelops rod W and bears at ono 
end against nut W* and at the other against 
the valve w. Thus it is evident that tho ad- 
justment of the nut W* adjusts the tension 
of the spring and so regulates the power which 
holds the valve closed. Hence the valve may 
be adjusted so as to open at any desired de- 
gree of pressure. On the upper part of tho 
rod \V, within tho casing, is a beveled collar 
W s , forming a scat at the upj>cr end of the 
casing where tho rod passes theroth rough, so 
as to provido an air-tight joint at this point, 
said beveled sent being preferably used in 
lieu of an ordinary stnfling-box. 

As the operation of compression proceeds, 
the high-pres&uro pipes will bo filled with air 
having a pressure of one hundred pounds l»o- 
fore any air will enter the low-pressuro pipes. 
As soon as tho pressure against the sides of 
valve O' attains one hundred pounds tho 
valve will open and i>ermit air to pass into 
the low-pressure pijies. As the compression 
continues, the air in tho low-pressuro pipes 
will finally stand at one hundred pounds and 
the air in the high-pressure pipes at two hun- 
dred pounds. The compression may continuo 
beyond this, If desired, but probably it will 
not be. Then tho valves K* and L* will bo 
closed and tho valve in opened, and so wo 
again have our closed system of pipes, within 
which the air circulates coustantly, one gage 
standingat one hundred pounds and the other 
at two hundred pounds when the the ratio is 
one to two. This automatic-valve arrange- 
ment which I have just described is used 


only in certain cases, chiefly when t lie com- 
pressor is driven by a belt from home mo- 
tor -shaft which actuates other machinery, 7: 
which machinery it is necessary to drive 
with a steady uniform mot ion, and so the ino- 
tor-slmft cannot have its speed varied, and 
lienee an air-governor cannot Ikj used, and 
therefore the automatic valve serves the pur- 75 
pose and keeps tho difference of tho pressures 
constant. It will bo noted that this arrange- 
ment with pi|>o C), having valvo O', accom- 
plishes a different result from that accom- 
plished by the air-governor, in that, while the 8c 
air-governor serves to keep the ratio of the 
two unequal air-pressures constant, this anto- 
matically-oi>crating valve serves simply to 
keep the difference of the pressures constant 
In other words, it may bo said that the auto- 85 
matic valve serves to regulate the arithmeti- 
cal ratio of the two pressures, while tho air- 
governor serves to keep tho geometrical ratio 
of the two pressures constant. This isan im- 
portant difference when we come to look at 90 
tho result that Is accomplished. Although 
this arrangement with pipe O is generally 
used with belt-machines and not in connec- 
tion witli tho first arrangement, yet it maybe 
made usoof in connection therewith if at any 95 
time the air-governor should becomo disabled, 
and I make no special claim to novelty in the 
arrangement of the |>ij>o O, with its regulat- 
ing-valve, but simply include the same herein 
to moro fully explain the uses and adaptation 100 
of my improved machine. 

Numerous advantages accrue from the use 
of tho invention herein described, a few of 
which it may bo well to enumerate here, in 
order that tho importance of the invention 105 
and the great utility and advantage in em- 
ploying two unequal air-pressures, both al>ove 
the atmospheric, may bo clearly understood 
and appreciated. 

Among tho resulting benefits I will first no 
mention that my machino for transmitting 
power by means of compressed air is much 
smaller ami more compact, and therefore 
cheaper, easier of transportation, and very 
much lighter in weight than the machines 115 
now in use for doing a corrcspondingainonnt 
of work. This statement is easily proved bj* 
a simple calculation. Suppose it is desired 
to provido a cubic foot of air having a press- 
ure of one hundred pounds at ono stroko of 120 
the piston. Obviously if airat atmospheric 
or fifteen pounds pressure is to be compressed 
to this required pressure, tho original volume 
of atmospheric air will bo seven cubic feet or 
thereabout — /. e., seven times tho volumo of 125 
tho required volume at one hundred pounds 
pressure. If air nt fifty pounds pressure is 
to bo compressed to the pressure of one hun- 
dred ]K>unds, two cubic feet of the former will 
be required to make one of the latter. 130* 

In the ordinary air-compressor air is re- 
ceived into the machine at atmospheric press- 
ure, and hence the cylinder must contain 
seven cubic feet, in order that the atmos- 



phoric nir may at one piston-stroke be com- 
pressed to a cubic foot of ono hundred pounds 
pressure. Suppose it is desired to work the 
ordinary a ir-eoin pressor with an unbalaneed 
5 pressuro of ono hundred pounds. In order 
that itjnay do this, air must bo compressed 
to ono hundred and fifteen pounds, so that 
thoromay bo one hundred and fifteen pounds 
on onesideof thopiston and fiftocn pounds, or 
10 atmospheric pressure, on the other side of it. 

In my apparatus after it is charged, the air 
is delivered to the compressor at one hundred 
]>ounds pressuro. Therefore if it is desired 
to obtain a cubic, foot of nir having two hun- 
15 dred jiounds pressure, winch in my machine 
will give an unbalanced pressure of ono hun- 
dred pounds to work with, the cylinder needs 
to contain only two cubic feet of one hun- 
dred pounds air. Hence where a cylinder in 
30 my apparatus required a cubical contents of 
two cubic feet tho cylinder in the ordinary 
compressor apparatus requ ires a cubical con- 
tents of seven or eight cubic feet in order to 
effect the same compression at ono stroke. 
25 This makes manifest the essential difference 
in respect of sizo between tho two machines, 
said difference being dependent upon tho fact 
that in one case the compressor operates upon 
atmospheric pressure air, while in my com- 
30 pressor it acts upon air having already a very 
high pressure, and this therefore demon- 
strates the valuo of my invention in making 
a small compact machino which is found in 
practice to have less than half the weight of 
35 certain other popular machines doing a simi- 
lar work. 

Another ml vantage accruing directly from 
my invention is an increase in efficiency. 
This may l>o proved by another simple calcu- 
40 lation, as follows: When a volume of air is 
compressed to one-hal f, a certai n amou n t of the 
energy generated is lost through the heating 
of the air and the consequent dissipation of 
energy in the form of heat. When a volume 
45 of air is compressed to one-third, a certain 
greater amount of power is lost through heat. 
When, therefore, a volume of air is compressed 
to one-seventh, as is tho ease when atmos- 
pheric pressure air is converted into air hav- 
50 ing a pressuro of ono hundred and fifteen 
pounds to the square inch, so as to give an 
unbalanced pressuro of one hundred pounds, 
a very* much greater amount of power is 
lost through the dissipation of heat energy 
55 than is the ease when the air is compressed to 
half its volume, as in my machine, where air 
at a hundred pounds pressure is compressed 
to two hundred pounds, so as to give the 
same unbalanced pressure of one hundred 
60 pounds. Therefore it will bo seen that Ilose 
very littlo power from heat, and hence in- 
crease the efficiency of the machine very 
greatly. It is found »n actual practice, which 
also is confirmatory of theoretical calcu- 
65 lations on the subject, that a very much 
greater per cent, of the power generated at 
one end of the machine is applied to the work 


at the other end of my machine Ilian is the 
case in any other with which I ain familiar. 

Oth(*r advantages belonging to my inven- 
tion might bo referred to, but it is doomed 
unnecessary, as the two which have just been 
described are sufficient to indicate the im- 
portance of my improvement. 

Numerous details in tho construction and 
relative arrangement of the parts of the ma- 
chino herein described maj’ be made without 
departing from tho invention, and I reserve 
the liberty of varying the same as experience 
may suggest within wide limits. 

Having thus descriliod my invention, what 
I claim as new, and desire to secure by Let- 
ters Patent, is — 

1. In an apparatus for transmitting power 
by menus of compressed air or other gas cir- 
culating in a closed system at two unequal 
pressures, Imth above normal atmospheric 
pressure, the combination of a compressor, a 
machine to lie driven by the power thereby 
generated, an air-conduit between the com- 
pressor and the driven machine containing 
air at a certain lower pressure and another 
air-coml nit between tho compressor and the 
driven machine containing air at a certain 
higher pressure, and means for keeping the 
geometric ratio of the two pressures constant. 

2 . In an apparatus for transmitting power 
by means of compressed nir or other gas or 
fluid circulating in a closed system at two un- 
equal pressures, both above normal atmos- 
pheric pressure, the combination of u com- 
pressor, a machine to be driven thereby, two 
air-conduits between tho compressor and the 
machino containing air at the unequal press- 
ures, and a governor for keeping the geomet- 
rical ratio of the two pressures constant and 
regulating the speed of the compressor in 
proportion to the work to lie done by the 
driven machine. 

In an apparatus for transmitting power 
by means of eompressisl air or other gas cir- 
culating in a closed system at two unequal 
pressures, both aliove normal atmospheric 
pressure, the combination, with a compressor, 
a driven machine, and air-conduits lietween 
the compressor and the driven machine, of an 
inlet-valve for admitting atmospheric air to 
tho compressor in charging, a valve in the 
low-pressure conduit adapted to be closed in 
charging, and a connection lietween the two 
conduits provided with a valve adapted to be 
operated by hand to make a temporary com- 
munication between said conduits during the 
operation of charging. 

4 . In an apparatus for transmitting power 
by means of compressed air or other gas cir- 
culating in a closed system at two unequal 
pressures, both above normal atmospheric 
pressure, the combination of a compressor, a 
driven machine, air-conduits between the 
compressor and driven machine, an inlet- 
valve for admitting atmospheric air to the 
compressor in charging, a valve in the low- 
pressure conduit adapted to be closed in 
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charging, a connection botweon the two con- 
duits providod with a suitablo haud-valvc, 
whereby the operator in charging inny tem- 
porarily establish communication lictwoen 
5 the conduits, find an air-governor for keeping 
the ratio of tho two pressures constant and 
for regulating tho speed of the compressor in 
proportion to tho amount of work to bo per- 
formed by the driven machine, together with 
<o suitable connections between tho air-conduits 
and tho governor. 

5 . In an apparatus for transmitting power 
by means of compressed air or other gas cir- 
culating in a closed system at two unequal 
15 pressures, both above normal atmospheric 
pressure, the combination of the compressor, 
a motor for actuating it, a driven machine, 
two air-conduits between the compressor and 
driven maehino containing air at two unequal 
2© pressures, and a governor for keeping tho 
geometric ratio between tho two pressures 
constant by regulating the speed of the motor 
which drives tho compressor and also for 
regulating tho spoed of tho compressor in 
25 proportion to the amount of work to be per- 
formed by the driven machine. 

0 . In an apparatus for transmitting power 
by means of compressed air circulating in a 
closed system at two nnoqual pressures, both 
30 above normal atmospheric pressure, tho com- 
bination of a compressor, a suitable steam- 
engine for actuating the same, a motor or ap- 
paratus to be driven by tho compressed air, 
two air conduits or channels between tho 
35 compressor and this machine containing air 
at unequal pressures, and an air-governor for 
keeping the geomotric ratio between theso 
two pressures constant, said governor con- 
trolling a valvo in the steam-supply pipe of 
40 the engine and thus regulating the speed of 
the compressor so as to keep the ratio of 
pressures constant, said governor having also 
the function of proportioning the speed of 
the compressor to tho amount of work 1o be 
45 performed, substantially as herein described. 

7 . In an apparatus for transmitting power 
by means of coinpressod air or other gas cir- 
culating in a closed sj'stem at two unequal 
pressures, both nbovo normal atmospheric 
50 pressure, the combination of a compressor, a 
machine to be driven by the compressed air, 
an air-conduit between the compressor and 
the driven mnehineadapted to contain air at 
the lower of tho pressures, another air-con- 
55 dult between tho compressor and tho driven 
machine adaptod to contain air at the higher 
of the two prossuros, a suitable motor for act- 
uating the air-compressor, an inlet-valve for 
admitting atmospheric air to the compressor 
60 in charging, a valve in the low-pressure con- 
duit adapted to be closed in charging, a con- 
nection between tho two conduits provided 
with a hand-valve, whereby the operator dur- 
ing the process of charging up the apparatus 
65 may temporarily establish a communication 
between saiu coudoita, an air-guvernot con- 
taining two pistons whose areas have a ratio 


equal to the ratio between tho two air-press- 
ures, said governor controlling tho spoed of 
tho motor which actuates t ho compressor and 70 
discharging tho double function of maintain- 
ing a constant geometric ratio between the 
two air-pressures and also proportioning tho 
speed of tho compressor to tho amount of 
work to bo performed by the driven machine, 75 
a low-pressure air-pipe running from the low- 
pressure conduit to tho low-pressure end of 
tho governor, and a high-pressure pipe run- 
ning from tho high-pressure conduit to the 
higii-pressuro end of tho governor. Bo 

8. In an apparatus for transmitting power 
by means of compressed air circulating ir. a 
closed system at two unequal pressures, both 
above tho normal atmospheric pressure, the 
combination of a compressor, a suitable motor 85 
for actuating it, a machine to be driven by tho 
power of tho compressed air, twoair-conduits 
between the compressor and the driven ma- 
chine containing air at unequal pressures, an 
air-governor having two pistons whose areas 90 
havo the same ratio as that between the un- 
equal air-pressures and having also a valve- 
chamber containing a valvo which controls 
the supplj'-pipe leading to the motor which 
actuates the compressor, said valve being 95 
regulated by the movement of the governor- 
pistons, a low-pressure pipe running from the 
low-pressure conduit to the low-pressure end 

of the governor, and a high-pressure pipe 
running from the high-pressure end of the 100 
conduit to the high-pressure end of the gov- 
ernor, so that the governor -pistons may be 
balanced between the two pressures. 

9 . In an apparatus for transmitting power 

by means of compressed air or other gas circu- 105 
lating in a closed system at two unequal press- 
u res, both above normal atmospheric pressu re, 
the combination of a compressor having its 
cylinder or cylinders provided with a low- 
pressure compartment and a high-pressure 110 
compartment, the low-pressure compartment 
being provided with suction-valves which ad- 
mit to the liore of tho cylinder and the high- 
pressuro compartment being provided with 
discharge-valves which lead from the boreof iij 
the cylinder, an inlet-valve for admitting at- 
mospheric air to fiie compressor in charging, 
a driven machine, an air-conduit between the 
compressor and tho driven machine which 
contains air at the lower of the pressures, no 
another air-conduit between tho compressor 
and the machine which contains air at the 
higher of tho pressures, a valvo in the low- 
pressure conduit adapted to bo closed in 
charging, and a connection between tho two 125 
conduitsprovided with n hand-valve, whereby 
the operator during the process of charging 
up tho apparatus inaj' temporarily establish a 
communication between the two conduits. 

10. In an apparatus for transmitting power 130 
by means of compressed airor other gascircu- 
lating in a closed system at two unequal press- 

t ires, both above normal atmospheric pressure, 
the combination of a compressor having its 
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cylinder or cylinders provided with n low- 
prossuro compartment having suction- valves 
lending intoeach oml of the cylinder-bore, ami 
provided also with a high-pressuro comparl- 
5 ment having discharge- valves loading from 
each end of the cylinder-bore, a low-pressure 
pipe ontoring tho low-pressure compartment 
of tho cylinder and running to tho driven ma- 
chine, said pipe being provided with an inlet- 
io valvo to admit atmospheric air to tho cylinder 
and also with a valvo at a suitable distnneo 
from tho cylinder, which iscloscdin charging, 
and a high-pressuro pipo entering the high- 
pressure compartment of the cylinder and 
15 running to tho driven machine, together wit ha 
connection between said pipes provided with a 
suitablo valve, whereby the operator may dur- 
ing tho operation of charging up tho appa- 
ratus temporarilvestablish a communication 
20 between tho two conduits, and a governor for 
keoping the ratio of tho two unequal air- 
pressures constant by regulating the speed of 
tho motor which drives the compressor and 
for proportioning the speed of the compressor 
25 to the nmountof work to lx* performed by tho 
driven machine. 

11 . In an apparatus for transmittingpower 
by means of compressed air, the combination 
of a compressor having its cylinder or cylin- 

30 dors provided yith two longitudinal com- 
partments, one of which is a low-pressuro 
compartment and the other a high-pressure 
compartment, the low-pressure compartment 
having suction-valves at each end of the 
35 cylinder-l»ore and the high -pressure com- 
partment having discharge- valves at each 
end of the cylinder-bore, a driven machine, 
two air-conduits between the compressor and 
the machine containing air at the two tin- 
40 equal pressures, and the governor for keop- 
ing the pressures at a constant geometric ra- 
tio by regulating the speed of the motor 
which actuates the compressor and for pro- 
portioning the speed of the motor to the 
45 nmountof work to be performed by the driven 
machine. 

1 2 . In an apparatus for transmitting power 
by means of compressed air, the combination 
of a compressor, a driven machine, an air- 

50 conduit connected thereto nml containing 
tho air at tho lower pressure, another air-con- 
duit containing tho air at tho higher press- 
ure, a governor device for keeping the ratio 
cf these two unequal air-pressures constant 
55 and for proportioning the speed of the com- 
pressor to tho amount of work to l>c per- 
formed by the driven machine, together with 
an inlet-valve for admitting atmospheric air 
to tho compressor in charging, a valvo in the 
60 low-pressure conduit adapted to bo closed in 
charging, and a suitable hand-valve in a con- 
nection between tho two conduits, whereby 
the operator during tho process of charging 
the apparatus may temporarily establish a 
65 communication between the conduits. 

13 . In a machine for transmitting power by 
means of compressed air, a compressor con- 


sisting of a cylinder or cylinders having hol- 
low heads, a wator-jacket surrounding tho 
oylindor-ljore, two longitudinal compartments 
within the cylinder, one adapted to contain 
low-pressure air and the other high-pressuro 
air, both pressures boing abovo normal at- 
mospheric pressure, ono compartment boing 
entered by a low-pressure pipo and t he other 
by a high -pressure pipe, respectively, which 
pijH's run ton driven machine and are con- 
nected by a pipo provided with a suitable 
valve, which is temporarily opened by the 
operator during tho process of charging up 
the apparatus, and the suction and discharge 
valves at each end of the cylinder-bore. 

14 . In a machine for transmitting power l>) r 
means of compressed air, tho herein-described 
compressor consisting of a cylinderor cylin- 
ders having the partitioned heads whose 
chambers are connected by channels to form 
two compartments in tho cylinder, a high- 
pressuro and a low-pressure compartment, 
together with tho suction and discharge 
valves at each end of the eyiinder-borc, the 
suction-valves entering tho low-pressure com- 
partment and the discharge- valves entering 
the high-pressure compartment, said suction- 
valves consisting, essentially, of tho cylin- 
drical casing, the casting for supporting the 
valve-stem and the. spring, said suction-valves 
opening inwardly into tho cylinder-bore, ami 
said discharge-valves consisting, essentially, 
of tiie cylindrical perforated casings, tho 
castings supporting the valve-stem and the 
spring, and said discharge-valves opening 
outwardly from tho cylinder-bore, substan- 
tially as described. 

15 . In a machine for t ransmitting power by 
means of compressed air, the combination of 
the compressor having a cylinder or cylin- 
ders provided with the partitioned heads, the 
channels communicating between tho cham- 
bers of said heads to form a low-pressure and 
a high-pressure compartment within the cyl- 
inder and the discharge and suction valves 
at each end of tho cylinder-bore, said suction- 
valves belonging to the low-pressure com- 
partment and said discharge-valves belong- 
ing to the high-pressure compartment, said 
suct ion-valves having a casing, a casting sup- 
porting the valve-stem and a spring, and said 
discharge-valves having a casing, a casting 
supi>erting the valve-stem and a spring, the 
suction-valves opening inwardly into tho cyl- 
inder-boro and the discharge-valves oponing 
outwardly therefrom, a driven machine, and 
an air-conduit running from the low-pressure 
compartment to said machine and the air- 
conduit running from the high-pressuro com- 
partment to said machine, the air in the two 
conduits beingof unequal pressuresand main- 
tained at a fixed geometric ratio by a gov- 
ernor having tho double function of keeping 
these pressures constant and of proportion- 
ing the speed of tho compressor to the amount 
of work to be performed l>y the driven ma- 
chine. 
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1*:. In u machine for transmitting i»owor by 
menus of coinprosse<l air, the combination of 
a compressor consisting of a cylimior or cylin- 
ders having two longitudinal compartments, 
a high-nrcssuro and a low-pressure, the suc- 
tion and discharge valves at each end of the 
cylinder* bort>, said suction -valves opening 
inwardly into the bore from tho low-press- 
ure compartment and said discharge- valves 
opening outwardly from tho boro into tho 
high-pressure compartment, a machine driven 
by the compressed air, an air-conduit between 
the compressor and the machine containing 
air at a certain lower pressure, another air- 
conduit between the compressor and the ma- 
chine containing air at a certain higher press- 
ure, suitablo valves for uso in charging tho 
apparatus and creating the two unequal 
pressures, and a device for keeping the ratio 
of the two pressures constant aud for pro- 
portioning the speed of tho compressor to 
the amount of work to bo performed by the 
driven machine. 

17. In a machine for transmitting power by 
means of compressed air, the combination of 
the duplex compressor having two cylinders, 
oach provided with two compartments, a 
high-pressure and a low-pressure, and suc- 
tion and discharge valves on each end of tho 
cylinder-bore, tho discharge-valves opening 
from the bore into the high-pressure com- 
partment and the suction-valves opening into 
the bore from the low-pressure compartment, 
low-pressure pipes entering tho low-pressure 
compartment of each cylinder, said pipes be- 
ing connected together, high-pressure pipes 
entering the high-pressure compartment of 
each cylinder, said high-pressure pipes being 
connected together, one of said high-pressure 
pipes being the main high-pressure pipe aud 
running to the driven machine and ono of the 
low-pressure pipes being the main low-press- 
ure pipe and running to the driven machine, 
a valve in the main low-pressnro pipe, and 
the connection between the main low-piess- 
ure and main high-pressure pipes provided 
with a suitable valve adapted to l>e tempora- 
rily opened by the operator during the pro- 
cess of charging up the apparatus, so as to 
establish a communication between the low- 
pressure and high-pressure air-pipes, substan- 
tially as described. 

18. In n machine for transmitting power by 
means of compressed air, the combination of 
the duplex compressor having two cylinders, 
the engine for actuating the said compressor, 
low-pressure pipes entering the low-pressure 
compartment of said cylinders, each of said 
low-pressure pipes being provided with an 
inlet-valve to admit atmospheric air in charg- 
ing up the apparatus, tho high-pressuro pipes 
entering the high-pressure compartment of 
each cylinder, one of the n.gh-prossure pipes 
being the main high-pressure pipe and one of 
the low-pressure pipes being the main low- 
pressnre pipe, a valve in the main low-press- 
ure pipe, a driven machine which is entered 


by the main low-pressure and main high- 
pressure pipes, a connection betwoon those 
two pijics provided with a valve, and a governor 7 c 
for keeping tho ratio botwcou tho two unequal 
air-pressures constant at all times. 

1‘J. In a machine for transmitting power by 
moans of compressed air, the combination of 
a compressor having a pair of cylinders, a 75 
stoam-engino for actuating this compressor, 
a driven machine adapted to be operated by 
compressed air, tho low-pressuro pipe K, en- 
tering the low-pressure compartment of one 
cylinder, provided with an inlet-valve to ad- 80 
mit atmospheric air in charging, provided also 
with another valve and running to the driven 
machine, the low-pressuro pipe L, entering tho 
low-pressure compartment of tho other cylin- 
der, provided with an inlet-valve for admit- 85 
ting atmospheric air and connected with the 
low-pressure pipo K by the pipe L s , the high- 
pressuro pipe M, entering the high-pressuro 
compartment of one cylinder and running to 
the driven machine, the high-pressure pipe G, 90 
entering tho high-pressuro compartment of 
tho other cj’lindor and connecknl with pipe 
M by tho pipe G', and the connection N be- 
tween pipes K anil M, provided with valve X', 
substantially as described. 95 

20. The combination of the compressor hav- 
ing two cylinders, tho driven machine, tho 
low-pressure pipe K, having a branch pipe K', 
provided with an inlet-valve K* and having 
also a valve in, the low-pressuro pipo L, enter- 100 
ing the other cylinder and having a branch 
pipe I/, provided with an inlet-valvo L*, said 
pipo L connected to tho pipo K by the pipe 

L s , the high-pressure pipe M, entering one cyl- 
inder and running to the driven machine, the in; 
high-pressure pipe G, entering the other cyl- 
inder and connected with pipe M by pipe G', 
and the pipo N between pipes K and 31, pro- 
vided with valve X'. 

21. In a machine for transmitting power by no 
means of compressed air, tho combination of 
tho compressor having two cylinders 15 and 

IT, tho motor for actuating this compressor, 
tho driven machine, the low-pressure pipe K, 
entering cylinder IT, having branch pipo K', 115 
with inlet-valve K*, and having also valve m 
and gage <>, tho low-pressuro pipe L, entering 
the cylinder 15 and having branch pipo I/, 
with valve I.*, said pipe L connecting with 
pipe K by pipo I/, the high-pressure pipe G, 120 
entering cylinder IT, tho high-pressure pipe 
M, entering cylinder It and connected with 
pipe G by pipe G', said pipes K and M run- 
ning to the driven machine and connected by 
pipo N, having valve X', together with the 125 
governor for keeping the unequal air-press- 
ures at a constant ratio, aud tho pipes n and 

running to said governor. 

In testimony whereof IafTix my signature in 
presence of two witnesses. 

CHARLES CUMMINGS. 

Witnesses: 

Wm. L. Boyden, 

Geo. L. Clark. 



97 


No. 767,027. 


10 MODEL. 


PATENTED AUG. 9, 1904. 


M. 0. WILKINSON. 

AIR COMPRESSION AND UTILIZING DEVICE. 

AFFLIOATIOI FILED DEO. IS. 1900. 



Arron/v£Ys 



98 


No. 767 027. Patented August 9, 1904. 

United States Patent Office. 

MKLVILLH (’. WILKINSON. OF LOS ANOKLLS, UALIFOKMA. 


AIR COMPRESSION AND UTILIZING DEVICE. 

SPECIFICATION forming part of Letters Patent No. 787,027, dated August 9, 1004. 
Application filed December 13, 1900. Serial No. 39,778. 'No model.' 


To (ill whom it m/rr/ conerrn: 

Bo it known that I, Mki.vii.i.k C. Wii.kis- ; 
son, a citizen of the United States, residing 
at Los Angeles, county of Ia>s Angeles, State 
5 of California, have invented new and useful 
Improvements in Apparatus for Kecompress- 
ing. Conveying, and Distributing Compressed 
Air as a Motive Force, of which the following 
is a specification. 

io My invention relates to certain novel modes 
of controlling the compression, reeonipres- 
sion, conveyance, and distribution of air un- 
der pressure in that class of machinery in 
which compressed air is used as a means to 
15 transmit motive force to drive machinery 
more or less distant from the primary source 
of power in which the exhausted air is recom- 
pressed for reuse. 

The objects of my invention are to reduce 
- o the size and weight of compressed-air ma- 
chinery, to do away with water-jacketing or 
other eoolingdeviees.no matter what pressure 
is used, to enable unevenly-developed power 
to he utilized at any speed or in any direc- 
25 tion, and to generate only the |>ower required 
to operate the working machinery. 1 accom- 
plish these objects by means of the mechan- 
ism described herein, and illustrated in the 
accompanying drawings, in which 
•50 Figure 1 is a plan view of my improved ap- 
paratus, partly in horizontal section, the coi - 
nceting-pipes bring broken away in place*. 
Fig. ‘2 is a plan view of the quick-acting valve 
1 and its operating mechanism, the piston- 
chamber being shown in central longitudinal 
section. Fig. .'i is a side view of the valve 
1 and connections. Fig. 4 is an edge view of 
the valve I, one-half being in section. 

A is an air -compressing cylinder of ordi- 
40 nary construction without cooling devices and 
is provided with a third or auxiliary ordinary 
air-admission port A’ at one end of the cylin- 
der only. Upon the oscillation of the piston 
B air is forced alte.nately from the space on 
45 tin sides ot piston B through the emission- 
valves n a into pipe C, and from thence into 
reservoir 1 ). and thence into eontrolh'r F,, and 
thence totin' working machinery. On the 
return from the working machinery the a;r 
50 again passes through the controller into res- 


ervoir F and thence through pipe <1 and ad- 
mission-valves hh into the air - compressor. 
The pipes (’ and (I are. connected by a by-pass 
pipe II, on which is placed a quick -acting 
valve I and its operating mechanism, (herein- 
after more fully explained.) which when the, 
pressure in pipe C reaches a predetermined 
point say two hundred pounds is automat- 
ically opened by the mechanism shown in sec- 
tion in Fig. 2 and consists of the chamber K, 
containing a piston K , held against the air- 
pressure in chamber L by spring K . Cham- 
ber L is connected by pipe L to p'pe C. 
When the pressure in pipe C reaches one hun- 
dred and ninety-live pounds, the piston K be- 
gins to compress spring K and also spring 
M. When the tension of spring M has reached, 
for example, live pounds, this pressure being 
communicated to lever N. pivoted at N , and 
pin X" within fork of lever I ot valve I, 
the expansion of spring M will move lever N 
in the direction of the arrow, causing the 
mechanism to assume the position shown in 
dotted lilies in Fig. 2 . with the spring.) then 
in notch ,J on the huh ot the lever 1 . 1 he. 

valve is then open. V hen the pressure in 
chamber L again returns to one hundred and 
ninety-live pounds, spring M causes spring 
.1 to leave notch , 1 ". The mechanism then as- 
sumes its first posit ion. and the valve is closed. 
As long as no air is being used by the work- 
ing machinery this by pass 1! remains open, 
the air circulating through pipes U 11 (i and 
compressor A at the same pressure. \\ hen 
air is used by the working machinery, the 
pressure in pipe (' falls, thus closing valve 1. 
when the air is then pumped from pipe (< into 
pipe In pipe (i is placed quick-noting 

valve ( ). similar in construction to valve 1 and 
operated by similar mechanism, only theclmm- 
ber back of the spring-pressed piston is con- 
nected to pipe. < i instead of pipe < ' by pipe ( )’. 
Between the val ve Oand the by-pass II on pipe 
(i i- placed a check-valve 1’ to permit air to 
pass from the controller L to the compressor 
A, but will prevent air from passing in the 
opposite direction from pipe C through by- 
pass 1 ! and valve () to the controller F, when 
valve I isopen. Valve () being at one hun- 
dred pounds pressure will give one hundred 
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|iounds pressure on tin' working machinery 
anil all <>\v tin' nnnjircsscd air from t In- com- 
pressor to <'X|mtu! to lull two volumes, atnl 
thus prevent free/.injr. ami as tin- com|iressor 
5 will tlmn receive air at oin> hundred pounds 
pressure it has to compress it to two hundred 
pounds or to I nit one-half itsvolume. There- 
fon* tlio oompn'ssor rt'iptitvs no cooling de- 
vict's. I ’util reservoi r F lias received air to 
10 raise its pressure to our Imndml pounds and 
open valve Oair is drawn into the mechnn- 
ism throujrh valve A’ until hoth reservoirs 1 > 
and F have been pumped up to pressure, when 
valve () opens and the compressor pumps di- 
'5 red from reservoir F. which receives the ex- 
haust ot thi' working machiner.v. Whenever 
the pressure drops in pipes (' and O. due to 
loss by leakage, and valves I and ( ) are neither 
ot them open, then the compressor pumps 
30 what air remains in the pipes (i and M be- 
tween the valves 1 and () and suction-jKirts 
h h into pipe (’. and when the air in this sec- 
tion has been exhausted lielow atmospheric 
jiressure then the outside atmospheric pres- 
2 5 sure causes air to enter at port A’ and be 
pumped into pipe ( 

The reason why it is desirable to have the 
valve A at one end of the cylinder only is that 
it requires less power to pump till' air from 
3° atmospheric jiressure to two hundred pounds 
by usino the compresso>- as a sino-le-actiny 
pump than if it were double-acting, for if it 
were required to pump as a double -actinw 
compressor from atmospheric to two hundred 
35 pounds jiressure it would require nearly twice 
as jiowerful initial motive force as is re- 
quired after the pijies are charged to one 
hundred pounds when the compressor has 
to comjiress it to lint another one hundred 
4° pounds. 

Having described my invention, what I 
claim as new. and desire to secure by Letters 
Patent, is 

1. In an air-compression vstem. the nim- 
45 hi nil t ion wit h a eompression-e,\ 1 inner provided 
with an induction and an dilution jiort at 
either end thereof, a liiwb-jiressure reservoir 
ct mil eel ed with the ed net ion- port s, a low-jires- 
sure reservoir connected with the induction- 
50 ports, a controller with which the reservoirs 
art' connected, and a |ii|ie extending between 
the connect ions of the reservoirs and cylinder, 
of a jiressure-ojicrntod valve in the pipe, a 
check-valve in the connection leading from 
55 the low-jires.su ri' resc rvoir to t he cy Under and 
a quiek-actinjr valve located in said connec- 
tion. pneumatic mechanism for operating the 
valve. th(> pneumatic mechanism set to ojicr- 
ate only when a jiredetermined jiressure is 
( io reiichi'd. 

'J. I he combination witha romjiression-cyl- 
inder, Idyll and low jire-surc reservoirs con- 


nected therewith, a pipe exleiidiuy between 
the eon tied ion-', a vul vc in t lie pi pc and 11 lean - 
for controlling the valve, of a rotary valve in h 5 
the connection between the low-pressure res- 
ervoir and the cylinder, a chamber connected 
with the connection, a 1 > i s 1 o 1 1 in I lie chamber, 
a valve-fork on the vul'e. a lever connected 
therewith, the piston iida j it ed to enyaye the 7° 
lever and means for normally retaining' the 
piston at one limit of its movement until over- 
come by a predetermined jiressure. 

:t. In a system for compressing; usiny and 
recoinpressinj; air under |iressureas amotpe 75 
jiower, a double-act in y air-comjiressor liavinj. 
induction - ports connecting; the said com- 
jiressor with the low-|iressure side of the sys- 
tem and eduetion-jiorts eonneetiny the said 
comjiressor with the hiy'h-|iresstire side of the 
system and an induct ion-port connecting one 
end only of the comjiressor with the external 
air: an inwardly -o|ieniny valve in the indue- 
tion-jiort leaditiy to the ojien air. adapted to 
ojien and feed air into one end of the com- ^5 
pressor only when the jiressure therein falls 
below the external air-jiressure. 

4 . The combination with a comjiression-ey I- 
indcr. hiyli and low jiressure reservoirs, and 
jiijios connecting the reservoirs, and cylinder. 9° 
a by -pass jiipe extending between the con- 
nectiny-jiijies. of a valve therein, means con- 
nected with the valve and with tin' hiyh-jues- 
suro reservoir to operate the valve, the means 
comjirisiny a chambered casino in eonmmni- 95 
cation with the hiyli - jiressure reservoir, a 
jilunyer in the casino, a s|iriny for retaininy 
the jilunyer ayainst the normal jiressure of 
the reservoir, a fork-arm connected with the 
v alve, a lever stat ionarily jii voted at one end 100 
the ojijiosite end connected with the fork-arm 
and a block yieldingly held by the jilunyer 
and connected with the lever. 

ft. 'riiecombinat ion wit h a com | iression -cyl- 
inder. hiyil and low jiressure reservoirs con- '05 
nected therewith and a jiijie extendiny be- 
tween the Idyll and low jiressure connect ions, 
of a rotary valve in the |iij>e, a forked arm 
connect cl therewith, a chain! » . ed vasi ny 1 on 
nected with the hiyli - |iressure reservoir, a 110 
plunder in the casing, the plunyer jirov ided 
with an extension jirotrudiny outside the cas- 
iny, a block yieldahly sujijiorted in the plun- 
der extension means for ret a i 11 i n y tin* |ilunyer 
in position ayainst the normal hiyli |iressure, 1 '• 5 
and a lever connected with the arm a. id with 
the yieldinyly-sujijiorted block. 

In witness that I claim the force-nine' I have 
hereunto subscribed my name 1 h is :’,oj h da y of 
November. P.hmi. 

M KLY 1 1 ,LF. C. WILKINSON. 

Witnesses: 

(i. I I A 1 : 1*11 AM. 

II. T. 1 I A /.A 11 11. 
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To aU whom, it may concern: 

Be it known that I, Melville C. Wilkin- 
son, a citizen of the United States, residing 
at Palo verde Valley, in the county of River- 
5 side and State of California, have invented 
new and useful Improvements in Apparatus 
for Compressing and Distributing Air Un- 
der Pressure,, of which the following is a 
specification. 

10 This invention relates to improvements in 
apparatus for compressing, conveying and 
distributing compressed air and utilizing 
the same as a motive force to drive ma- 
chinery at a more or less distant point from 
15 the source of power, the exhaust of the 
working machinery, still under pressure, be- 
ing returned and recompressed for use. It 
has been customary in mechanisms of this 
character either to vary the speed of the 
20 compressor, to suit the load of the working 
machinery, or to allow the excess air com- 
pression over the amount used in the work- 
ing machinery, to escape from the high 
pressure side to the low pressure side and 
25 becoi. i lost. 

It is an object of this invention, among 
other things, to operate the compressor at 
a reasonably uniform speed, and to generate 
only the power required to operate the worlc- 
30 ing machinery and- further to produce an 
air compressing and utilizing mechanism 
which will require no cooling device. 

It is also an object of the invention to re- 
duce the size of the mechanism in propor- 
S5 tion to the power generated and to utilize 
an unevenly distributed power to produce an 
even application of the power. 

The invention is also designed to maintain 
a given ratio of pressure in the two sides of 
40 the system, the mechanism of this invention 
having high and low pressure sides pro- 
vided with means to maintain the desired 
ratio between the pressure of the two sides. 

It is a further object of the invention to 
45 provide means for automatically replacing 
any loss of air due to leakage in the mecha- 
nism, also to compress and utilize air in 
such a manner that the effects commonly due 
to heat or pressure generated will not vary 
50 the action of the machine. 

In the drawing forming a part of this 
specification: Figure 1 is a diagrammatic 
plan view, partly in section, of the mecha- 
nism. Fig. 2 is an enlarged side view of one 
55 of the diaphragm protecting plates showing 
the sectional divisions. Fig. 3 is a perspec- 


tive view of one section of said plate as 
shown in Fig. 2 . 

The invention and its operation will now 
be described in detail, reference being had eo 
to the parts illustrated in the drawings, in 
which 1 indicates an air compressor of any 
preferred design (construction not shown 
as not being a portion of the invention) 
operated by a prime mover. 65 

2 and 3 are valve chambers, one of which 
as 2 is connected to the outlet side of the 
compressor by pipes 5 and C, and to the in- 
let side of the compressor by pipes 7, 8 and 

9, while chamber 3 is connected to the inlet 70 
side only of the compressor 1 by the pipes 

10, 8 and 9. A high pressure reservoir 4 

forms a portion of the high pressure side of 
the system and is connected to the air com- 
pressor 1 by the pipe 5. 75 

A low pressure reservoir 4 a forms a por- 
tion of the low pressure side of the system 
and is connected to the chamber 3 by the 
pipes 14 and 15. The pipe 8 extends beyond 
its connections with both, pipes 7 and 9; in 80 
it are mounted the valves 12 and'13 adja- 
cent to its connection with pipe 9. A 
check valve 11 is also mounted therein in- 
termediate its connection with pipes 7 
and 10. 85 

The high and low pressure sides of the 
system are connected by a pipe 16 interme- 
diate the pipes 5 and 15, the passage there- 
through being controlled by the valve 17. 

A pipe 18 extends from the high pressure 90 
reservoir 4 to the mechanism, not shown, 
which is to be driven or operated by the air 
compressed by the compressor 1. The pipe 
19 extends from the driven mechanism to 
the reservoir 4\ the exhaust air of the meeh- 95 
anism being returned therethrough to the 
low pressure side of the system. 

The valve chambers 2 and 3 are provided 
with slide valves therein as 20 and 21 , these 
slide valves are provided with ports 22 and 100 
23 adapted to be brought opposite the ends 
of the pipes 7 and 10 when said pipes are 
to be opened. The valves 20 and 21 are 
operated respectively by levers 24 and 25 
pivotally mounted at a suitable point inter- 105 
mediate their lengths, upon bearings in 
standards or supports within their respec- 
tive chambers. The ends of the levers 24 
and 25, opposite their connection with the 
valves 20 and 21 are preferably slotted, said 110 
slots engaging pins 27 and 28 secured to 
reciprocating rod' or plunger 26, the ends of 
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wh'r-h extend into the chambers 2 anti 3 as 
shown m h ig. 1. 1 he snni rod or plunder 

26 passes through the adjacent sides of the 
chambers 2 and 3 and the ends thereof pro- 
5 ject into, and are guided by, elongated bear- 
ings or guides 42 and 43 formed in the outer 
walls of the chambers 2 and 3. Set screws 
44 and 45 projecting into the outer portions 
of said bearings make it possible to adjust 
10 and limit the throw of said rod 2(5. Portions 
of these sides of the chambers 2 and 3 
through which the rod 26 passes, consist of 
diaphragms of leather, or other suitable ma- 
terial, concentric with the rod 26 and fas- 
15 tened to it by the nuts 33, 34, 35 and 36 
which engage screw threads on the said rod 
26; the outer edges of the diaphragms being 
secured to their respective casings by col- 
lars or clamping rings 31 and 32. 

20 The diaphragms 29 and 30 are protected 
from bulging or distortion, under the action 
of the air within the chambers 2 and 3, by 
means of composite plates 37 and 38 which 
are mounted on the exterior sides of their re- 
25 spective diaphragms. The outer edges of the 
plates engage grooves in the inn r edges of 
the collars or clamping rings 31 and 32, and 
the inner edges of the plates engage grooves 
in the outer edges of washers 39 end 40 
30 which are situated just inside the nuts 33 
and 35. These composite plates are built 
up of a multiplicity of sections, as 41, which 
are clearly shown in Figs. 2 and 3 of the 
drawings. The mounting of these segments" 
35 41 of each plate 37 and 38 is sufficiently 
loose in the grooves engaging their outer and 
inner edges to permit of their articulation 
under the action of the diaphragms 29 and 
30 in moving the rod 26. 

40 The active areas of the diaphragms 29 
and 30 are in inverse ratio to the pressures 
which are to be maintained in the two sides 
of the system. I prefer to maintain a ratio 
of two (the pressure in the high pressure 
45 side of the system) to one (the pressure in 
the low pressure side-of the system) ; or a 
pressure of 200 pounds absolute per square 
inch in the high pressure side, and 100 
I>ounds absolute per square inch in the low 
50 pressure side. 

In the operation of this mechanism, 
should there be no available supply of air 
already compressed with which to charge 
the two sides of the system to their working 
6„ pressures, air is introduced in two stages. 
The first stage is to supply a difference of 
pressure in the two sides of the system suffi- 
cient to operate the mechanism for supply- 
ing loss by leakage which is hereinafter de- 
co scribed, and the second stage is to vitalize 
the mechanism for supplying loss by leak- 
age to compress atmospheric air into the 
system to bring the pressure in the two 
sides of the s) stem up to the working 
65 pressure. The air compressor 1 is first 
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caused to draw in air from the atmosphere 
by opening the valve 13 and closing the 
valve 12, this air is forced into the pipe 5 
and the high pressure side of the system, a 
portion of it passing into the low presure 70 
side of the system through the pipe 16, the 
valve 17 being also open. Thus the pres- 
sure will increase equally in both sides of 
the system until a predetermined pressure is 
obtained, say 60 or 70 pounds per square 75 
inch, at which time the valves 13 and 17 
should be closed and the valve 12 opened. 
This primary pressure against the dia- 
phragm 30, in chamber 3, which has twice 
the area of diaphragm 29 in chamber 2, 80 
will cause the diaphragm 30 to force the rod 
26 against the set-screw 44. This movement 
of the rod 26 will cause the lever 25 to move 
the valve 21 and bring the port or aperture 
23 therein over the end of the pipe 10; this 85 
same movement of the rod 26 acting through 
the lever 24 will cause the valve 20 to assume 
a position to close the pipe 7. The continued 
action of the air compressor 1 will then 
draw air from the chamber 3 and the low 90 
pressure side of the system through the 
pipes 10 and 8, the check valve 11 and pipe 
9 into its inlet side and deliver it into the 
pipe 5, chamber 2 and the high pressure side 
of the system. The pressure in the high 95 
pressure side of the system will increase and 
the press 1 re in the low pressure side will 
decrease until the increi sed pressure in the 
chamber 2 upon the Smaller diaphragm 29 
is able to exert a counter pressure upon the 100 
said diaphragm 29 to that received by the 
larger diaphragm 30 in the chamber 3. 

When the pressure in the chandler 2 is 
able to equalize .and a little more than off- 
set the pressure upon the diaphragm 30, the 105 
rod 26 will 1 h> moved in the. opposite direc- 
tion toward the set screw 45, causing the 
valve 21 to move and cut off the pijie 10 from 
the chamber 3, and a similar movement of 
the valve 20 will cause it to register its 1 1 0 
port 22 over the end of the pipe 7. The air 
in the low pressure side of the system is thus 
cut off from the air compressor 1 and the 
air in the high pressure side of the system 
will be admitted to the inlet side of the air 115 
compressor 1 through the pipes 7 and 8 and 
9. The check valve 11 prevents this high 
pressure from escaping into the low pressure 
side of the system. When the two sides of 
the air compressor 1 are thus connected to- 1 -0 
gether the compression of air ceases and the 
air idles through the compressor under the 
same pressure thus relieving j( of work. 

IN hen air has been transferred from flic 
high pressure side of the system to the io . • 
pressure side so that the ratio of pressure 
m the. two sides is disturbed, the diaphragms 
29 and 30 will automatically unjust the 
va. ves 20 and 21 to regain the proper ratio 
of pressures. 
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In using compressed air machinery of this 
type, it becomes necessary from time to time, 
to introduce additional air to offset that lost 
by leakage, or from any other cause by 
6 which the pressure in the two sides of the 
system may fall below the desired working 
pressures. I accomplish this process, by the 
use of auxiliary compressing means consist- 
ing of an auxiliary air engine 50 operating 
10 an auxiliary air compressor 51. The auxil- 
iary air engine 50 receives air from the high 
pressure side of the system through the pipes 

52 and 53, a chamber 54 containing a valve 
mechanism being interposed in said piping. 

15 The chamber 54 has a web or wall 55 
mounted therein, said web or wall having an 
aperture therethrough forming a port, the 
surrounding web or wall forming a valve 
seat 56. A valve 57 is adapted to close 
20 against said valve seat and prevent the pas- 
sage of air therethrough. The pipe 52 en- 
ters the chamber below the valve; the pipe 

53 enters the chamber above the valve. The 
valve has a stem 58 which passes outwardly 

25 through the wall of 'he casing to a suitable 
distance beyond the same. The valve stem 
58 surrounded with a stuffing box to prevent 
escape of air from within the casing 54. 
When the valve 57 is raised from the valve 
30 seat 56 air will pass through the port in the 
web and actuate the auxiliary engine 50 and 
thereby the auxiliary air compressor 51, 
which will then take in air from the atmos- 
phere and force it into the low pressure side 
35 of the system through the pipes 59 and 19. 
The exhaust of the auxiliary air compressor 
also passes to the low pressure side of the 
system through the pipes 60, 59, and 19. 
The said valve 57 is operated at proper times 
40 by a plunger or rod 61 mounted in alinement 
with the valve stem 58. Said plunger 61 is 
capable of being reciprocated ny a floating 
lever 62 with which it is pivotally connected. 
The plunder 61 reciprocates in suitable bear- 
45 ings projecting from the framing of the 
mechanism, and a coiled spring 63 surround- 
ing a portion of said plunger engages one of 
said licarings at one end and at the other end 
an adjustable collar 64 secured to the plun- 
50 ger 61. Said spring 63 tends to force the 
plunger 61 away from the valve stem 58 of 
the valve 57. The plunger 61 holds the 
valve 57 seated against the action of the 
spring 63 when there is am file pressure in 
55 the two sides of the system, through the 
action of diaphragms 69 and 70 in the cham- 
bers 65 and 66, which are mounted adjacent 
to the floating lever or yoke 62. The cham- 
bers 65 and 66 are connected hy piping 67 
00 and 68 with the low and high pressure sides 
of th . system respectively. The diaphragms 
69 and 70 in said chambers 65 and 66 have 
the sal ic ratio in pressure receiving areas as 
exists between the diaphragms 30 and 29 
05 in tho chambers 3 and 2, so that the priv,- j 


sures in said chambers 65 and 66 will act 
equally upon the valve controlling plunger 

61. The said diaphragms 69 and 70 are 
mounted in the walls of the chamliers 65 and 

66 in a mariner similar to that of diaphragms 70 
29 and 30 in the chambers 2 and 3, and they 
are protected by composite plates 71 and 72 
similar to the plates 37 and 38 in the cham- 
bers 2 and 3. These diaphragms 69 and 70 
each carry plungers 73 and 74 attached to 75 
their centers, in a manner similar to the at- 
tachment of the rod' 26 to the diaphragms 29 
and 30. Said plungers are controlled as to 
the extent of their inward movement by set 
screws 76 and 75 which act as stops. The 80 
exterior ends of said plungers engage levers 
77 and 78 which are pivotally mourned at 
their outer ends upon the framing of the 
mechanism, while their inner ends are screw 
threaded and carry adjustable ring nuts 79 85 
and 80, which bear upon levers H] and 82. 
also pivotally mounted on the framing of 
the mechanism. The outer ends of said le- 
vers 81 and 82 are connected by links 83 and 
84 with the ends of the floating lever, or yoke 90 

62. The pressure in the two sides of the 
system acting within the chandlers 65 and 66 
will actuate the diaphragms 69 end 70 and 
the plungers 73 and 74 carried bv them, will 
operate the system levers intermediate 95 
the plungers and dilating lever '12, and the 
latter will force the plunger 61 in the proper 
direction for closing the valve 57 against its 
seat 56. Any less pressures than the desired 
working pressures in the two sides of the 100 
system will not be capable of compressing 

the spring 63 sufficiently to close the valve 
stopper against the seat, so that where the 
pressures in the two sides of the system are 
less than the working pressures desired, the 105 
spring 63 will expand and carry tin. iod V>I 
away from the stem 58 of the valve stopper 
57, and air from the high pressure side of 
the system will first force the valve 57 away 
from its seat 56 and then pass said valve. : JO 
As long as this said valve ’s open the an 
from the-high pressure side of the system 
will pass through the pipe 52, casing 51 and 
pipe 53 to the auxiliary engine 50 and actu- 
ate said engine and auxiliary air compressor 115 
51 and compress atmospheric- air and force 
it into the low pressure side- of the system. 

It will then l>e proportionately transferred 
to Ixith sides of the system until (he in- 
creased pressures acting on the two din- 120 
phragms 69 and 70, cause them to dose (he 
valve 5 < upon its s'-at. 56 and stop (he auxil- 
iary engine 50 and auxiliary air com 
pressor 5!. 

Where the power supplied by this media 1-5 
nisin is applied to such purposes as the pro 
polling of vehicle's, at a certain speed the 
propelling motion will consume the full vo] 
nine of the capacity of the air compressor 1, 
at the. Mill difference of the pressure Ik-1 ween - 
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the high and low pressure siues of the sys- 
tem. An increased speed of the motors will 
take more than the capacity of the compres- 
sor at full pressure and the pressure on the 
5 high pressure side of the system will be re- 
duced while that of the low pressure will in- 
crease; the mechanism set forth is admir- 
ably adapted to providing means that will 
supply loss by leakage at that time, no mat- 
10 ter what may be the ratio of pressure on the 
two sides of the system, since the said mech- 
anism involves the combination of the re- 
sultant actions of two pressures converted 
to a single function. Should the pressures 
15 exerted in the two chambers 65 and 66 be 
disturbed so that the resultant pressure com- 
municated to rod 61, is not equal to the pres- 
sure when the ratio is maintained in the 
two sides of the system, this difference can 
20 be compensated for by the adjustment of 
the ring nuts 79 and 80 upon the levers 77 
and 78. The adjustment of these same ring 
nuts will also compensate for the deteriora- 
tion, through long use, in the spring 63. 

25 It will be apparent that where the two 
sides of the system are filled with air to the 
desired pressures and the lotors or other 
machinery which may be operated by the 
air, from the system are running, the rod or 
30 tdunger 26 operating the valves in the cham- 
bers 2 and 3 will move backward and for- 
ward, alternately opening and closing the 
said valves to admit air to the compressor 
from either the high or the low pressure 
35 sides of the system as required, and when 
the motors or other machinery to be actu- 
ated are idle, the valve 20 will remain open 
and the valve 21 closed. When the motors 
are working and taking the full supply of 
40 air furnished by the compressor 1, the valve 
2(f will remain closed and the valve 21 open. 
Any intermediate use of the motors will 
cause the mechanism to move back and forth 
to maintain the given ratio of pressure in 
4 5 the two sides of the system, ana the work 
that will be required of the compressor will 
depend upon the length of time the valve 
21 is open and the valve 20 closed over the 
time when the said valve 20 is open and the 
56 valve 21 is closed. 

It is believed that the operation of the 
mechanism will be fully understood from 
the above description since the operation of 
its various parts has been necessarily 
55 -vght out in connection with said descrip- 
tion. 

What I claim is: — 

1. An air compressing and distributing 
mechanism, comprising a compressing 
60 means, a system of piping connected with 
the induction and the eduction sides of said 
compressor, a movable member interposed 
between the sides of said system and oper- 
able by the relative pressure in *he two sides 
of the system for causing the compressor 


to take air from either side of the system 
and thus maintain the pressure in the two 
sides at a given rate with respect to each 
other. 

2. An air compressing and distributing 
mechanism, comprising an air compressing 
device, a system of piping and reservoirs 
connected with the compression side of said 
device, a system of piping end reservoirs 
connected with the suction side of the said 
device, a movable member associated with 
the system and adapted to be actuated by 
the pressures from both sides of the sys- 
tem whereby a given ratio between the two 
systems may be maintained. 

3. An air compressing and distributing 
system, comprising an air compressor, one 
side of said system being connected with the 
eduction side of the compressor while the 
other side of the system is connected with 
the induction side of the compressor, a re- 
ciprocating member associated with the sys- 
tem and having means for receiving the dif- 
ferent pressures from the two sides of the 
system, and means operated by the said re- 
ciprocating member for maintaining a 
given ratio of pressure between the two sides, 
in accordance with the work performed by 
the air upon the compression side of the 
said system. 

4. An air compreasing and distributing 
system, comprising high a...’, low pressure 
reservoirs, an air compressor coi nectcd with 
each by a suitable piping, and capable of 
drawing air from either reservoir in ac- 
cordance with the amount of work per- 
formed, a reciprocating member associated 
with the system, valves operated by the said 
reciprocating member, the said valves being 
interposed in said piping and arranged to 
be moved by the reciprocating member in 
accordance with the pressure exerted upon 
the same from the two sides of the system, 
and means cooperating with the high and 
low pressure sides of the system capable of 
introducing additional air to the system 
whenever ieakage occurs. 

5. A compressed air system, comprising 
high and low pressure sides, a compressor 
interposed between them, a valve for con- 
necting the low pressure side with the com- 
pressor when the pressure therein is de- 
pressed below the usual rate maintained ami 
a second valve connected with the high pres- 
sure side, a reciprocating member connected 
with both of said valves, means carried by 
the said reciprocating member adapted to 
receive the, differing pressures from the two 
sides of the system whereby the. member will 
be so moved as to control the. valves for 
maintaining the. desired ratio between the. 
sides of the, system. 

6. An air compressing and delivery sys- 
tem comprising high and low pressure, con- 
nections, an air compressor interposed Ixv 
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tween them, and arranged to compress into 
the high pressure side from the low pressure 
side, valves controlling the delivery of pres- 
sure from the low pressure side, and the 
a maintaining of the same in the high pres- 
sure side, flexible diaphragms of different 
areas controlling the action of said valves 
in accordance with the ratio of pressures to 
bo maintained in the different sides of the 
10 system,, and means for introducing addi- 
tional air to the system controlled by the 
pressures maintained in the two sides of the 
system. 

7. An air compressing and delivering sys- 
15 tern comprising a compressor, piping and 
intermediate connections connected with the 
inlet and exhaust sides of the compressor 
forming a low pressure system and a high 
pressure system, equalizing valve mecha- 
20 nisms interposed in said systefns, one of said 
valve mechanisms being connected with the 
low pressure side only, while the other is 
connected with both low and high pressure 
sides, a reciprocating member extending into 
25 both valve mi -hanisms and capab'e of oper- 
ating the same simultaneously, pressure 
means having different pressure receiving 
areas affecting the said valve mechanisms, 
the pressure receiving areas in the low pres- 
S0 sure side being greater than that in the high 
pressure side whereby a higher rate of pres- 
sure is maintained through the action of the 
said valve mechanisms upon the high pres- 
sure side. 

35 8. An air compressing and distributing 

mechanism comprising high and low pres- 
sure sides, a compressor interposed between 
the two, an auxiliary compressing means 
connected with the low pressure side of the 
40 system, means for furnishing actuating air 
pressure thereto from the high pressure sides 
of the system, means controlled by the pres- 
sure in both sides of the system for admitting 
the air pressure to said auxiliary means. 

45 9. An air compressing and distributing 

mechanism comprising a compressor having 
a system of piping connected with the outlet 
side of the compressor for holding the high 
pressure generated by the air compressor, a 
50 system of piping connected with the inlet 
side of the compressor for holding the low* 
pressure maintained in the apparatus, equal- 
izing valves connected with the low pres- 
sure system, one of which valves is also con- 
55 nected with the higli pressure side of the 
system, an auxiliary compressing means con- 
nected with the low pressure side of the sys- 
tem, a valve mechanism for introducing air 
from the system to actuate said auxiliary 
60 compressor, and means actuated by the pres- 
sures from the high and low pressure sides 
of the system fo'* controlling the said valve 
and permitting t.ie operation of the auxil- 
iary compressor when additional air is re- 
65 quired in the system. 
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10. An air compressing and distributing 
system having a high pressure side and a 
low pressure side connected with the educ- 
tion and induction sides of the air com- 
pivssor resjHtctively, an air compressor, valve 70 
mechanisms controlling the ratio of pressure 
between the sides of the system, diaphragms 

of different areas for actuating said valves 
in accordance with pressure exerted upon 
them, the said valves being formed of flexi- 75 
ble material secured to the valve casings, a 
reciprocating member operating the said 
valves and connected with the said dia- 
phragms, and segment plates movable 
mounted outside the said diaphragms for so 
protecting the latter against undue stretch- 
ing and distortion. 

11. An air compressing and distributing 
mechanism comprising an air compressor, 
systems of piping connected with the oppo- S5 
site sides thereof for holding air under high 
and low pressure, valve means for maintain- 
ing the proper ratio between the sides of 
the system, an auxiliary air compressing 
mechanism connected with the system, a 90 
valve mechanism for controlling the same, a 
plunger for operating said valve mechanism, 
levers for actuating the said plunger, and 
pressure receiving diaphragms connected 
with the high ud low pressure sides of the 95 
system fo, operai ng said levers anil the said 
plungers in accordance with the pressure in 
the system. 

12. An air compressing and distributing 
mechanism comprising a main air compres- 100 
sor, high and low pressure systems of pip- 
ing connected with the inlet and outlet ports 

I of said compressor, valve chambers connect- 
ed with the said systems of piping for main 
taining a given ratio in the pressure upon 105 
each side <>f the comp re* n\ an auxiliary 
compression mechanism for adding more air 
to the system when the pressure therein has 
fallen below normal condition, a valve con- 
trolling the same, a spring pressed plunger 110 
for operating said valve, a floating lever 
carrying the same, adjustable levers for op- 
erating said floating lever, yielding dia- 
phragms mounted in pressure, casings, pres- 
sure casings carrying the same, one of which 115 
is connected with the low pressure side of 
the system while the other is connected with 
the high pressure sides thereof, the said dia- 
phragms having differing pressure areas 
corresponding inversely with the ratio main 120 
tained between the high and low pressure 
sides of the system, plungers carried bv the 
said diaphragms engaging the said adjust- 
able levers, and segment plates movable 
mounted outside the diaphragms for pro- 125 
tecting them against, undue strain and dis- 
tortion. 

hi. An air compressing and distributing 
mechanism, comprising a compressor, a svs- 
tem c.i piping connected with the eduction 1 m 
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side thereof, a system of piping connected 
with the induction side thereof, valve mecha- 
nisms connected with each side of said sys- 
tem, one of said valve mechanisms being 
6 also connected with the other side of the 
system, a reciprocating member extending 
into both of said valve mechanisms for op- 
erating the said valves, and diaphragms of 
different areas connected with said recipro- 
10 eating member for influencing the same in 
accordance with the ratio between the pres- 
sures in the two sides of the system. 

14. An air compressing and distributing 
mechanism,' comprising a compressor, sys- 
15 terns of piping connected with the induction 
and eduction sides of said compressor, a 
valve mechanism having connections with 
both sides of the system, a second valve 
mechanism having connections with the in- 
20 duction side of, the system only, a recipro- 
cating rod extending into both of scid valve 
mechanisms, valves in each mechanism 


adapted to be controlled by the said rod, 
flexible diaphragms connected with the said 
rods and having suitable areas exposed to 25 
the pressures of each side of the system, one 
of said diaphragms being larger than the 
other to maintain a higher pressure upon 
one side of the system than upon the otner, 
protecting means carried by the said rod for 30 
protecting the said diaphragms, and means 
for adjusting the limit of travel of the said 
reciprocating rod, the whole structure being 
such that the pressures upon the two sides of 
the system will be automatically maintained 35 
at a given ratio with respect to each other. 

In witness that I claim the foregoing I 
have hereunto subscribed my name this 4 
day of February, 1911. 

MELVILLE C. WILKINSON. 

Witnesses: ' 

M. F. Heller, 

G. A. Parker. 
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POWER TRANSMITTING MECHANISM 


Application filed September 

The present invention comprises a system 
for the pneumatic transmission of the power 
from a prime mover, such as a combustion 
engine, to a load requiring sensitive variation 
5 of speed and torque, and usually also quick 
reversal, such as rolling mills, locomotives 
and the like. 

The objects of the present invention are: 
to reduce the size of compressor required to 
10 absorb the power of a given engine; to in- 
crease the compressor speed, eliminating the 
necessity for speed-reduction between the 
engine and compressor; to increase the effi- 
ciency of transmission, primarily by redue- 
' J ing the number of working parts between the 
expanding engine fluid and the transmission 
fluid being compressed ; to reduce the danger 
of explosions of lubricant vapor: to reduce 
the bulk of the pneumatic motor required 
23 for complete expansion of the transmission 
fluid; to increase the efficiency at starting, 
with motor cutoff set late to provide suffi- 
cient starting torque ; to eliminate the chill- 
ing of the motor lubricant due to expansion 
of the transmission fluid; to simplify the 
governing system, providing torque and 
speed adjustment by operator control of 
engine speed to vary the motor speed. 
Other objects of the present invention will 
' i,) be evident from the following description. 

While described primarily as cooperating 
with an internal combustion engine of the 
Otto type, the present invention is appli- 
cable to combustion engines generally. The 
specific manner of use with any particular 
combustion engine will, frohi the following 
description, be evident to those skilled in the 
design of the engine. 

i0 Features and details of the invention will 
appear from the specification and claims. 

A preferred embodiment of the invention 
is illustrated in the accompanying drawings 
as follows : 

■is _ Fig. 1 shows a side elevation of a locomo- 
tive, partly in section,’ embodying the in- 
vention. 

Fig. 2 a sectional view of one of the engine 
cylinders and its valve mechanism on the 
5a line 2 — 2 in Fig. 25, 
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Fig. 2 a a section on the line 2 a — 2 a in Fig. 

2b. 

Fig. 2b a section on the line 2b — 2b in 
Fig. 2. 

Fig. 3 a sectional view of the constant 55 
fluid quantity controlling mechanism. 

Fig. 4 a sectional view of the pneumatic 
motor. 

Fig. 5 an elevation of a fluid replenishing 
apparatus. 60 

Fig. 6 a plan view of the starting com- 
pressor, starting motor and replenishing 
compressor. 

Fig. 7 a central section of an alternative 
form of engine. 05 

Fig. 8 a central section of an alternative 
form of pneumatic motor cylinder. 

Fig. 9 a diagrammatic view illustrative of 
the operation of the mechanism and an al- 
ternative application of the same. 70 

Fig. 10 a compressor diagram. 

Fig. 11 a motor diagram. 

The primary motor is preferably made 
up of a plurality of cylinders 1. These are 
provided with pistons 2, the piston rods 3, 75 
connecting rods 4, and cranks 5 mounted on 
crank shaft 6. The crank shaft 6 is carried 
in bearings in a frame 7 on which the cyl- - 
inders. are mounted. Ignition plugs 8 are 
of the usual type and supplied through the 80 
wiring 9. A water jacket 10 of the usual 
construction is provided for the cylinder. 

An engine cam shaft 11 is driven by a sprock- 
et gearing 115 from the crank shaft. The 
cam shaft is provided with cams 12 which 85 
actuate push rods 13, the push rods carry- 
ing inlet and exhaost valves 14, the exhaust 
valve appearing in the section in Fig. 2. 
The exhaust valves lead to an exhaust mani- 
fold 15 and an inlet manifold 16 is provided 90 
for the inlet. An auxiliary exhaust port 
15a is provided for each of the cylinders,, 
the cam timing as shown in Fig. 2 being 
arranged for a two-stroke cycle engine. A 
carburetor 17 is of the usual type and has 96 
its intake for air through a pipe 17a with 
the usual inlet opening^ 175 and a throttle 
valve 18 is provided at the discharge side of 
the carburetor in the usual manner. Pref- 
erably the engine is provided with super- l0i 
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chargers 19 and 20, the supercharger 19 be- 
ing driven through a chain gearing 19a 
from a shaft 195 driven from the engine 
shaft, the supercharger 20 being similarly 
5 driven from the engine cam shaft by a gear- 
ing (not shown). 

The lower ends of the cylinders are closed 
by covers 21 providing the compressor cham- 
bers 22. The lower face of the piston is 
10 provided with annular fins 23 to increase the 
surface and consequently the heat transfer 
by way of the piston. The compressor cham- 
ber has a discharge port 24 and this leads to 
a passage 25 a which is controlled by a dis- 
15 charge valve 25. The passage 25a leads to 
a discharge pipe 26. An inlet valve 27 con- 
trols the connection between the port 24 and 
an inlet passage 28 leading from an inlet 
pipe 29. The valve 27 is provided with a 
20 stein 27 a which is operated by. a cam 27 5 
carried by a cam shaft 27a and the cam shaft 
is driven by a sprocket and chain 27 d from 
the crank shaft. 

Preferably also the discharge valve 25 is 
25 positively closed. This is accomplished by 
a rock arm 255 which operates on the upper 
end of the valve stem of the valve 25. The 
rock arm is mounted on a shaft 25c and is 
provided with a cam roller 25 d. A cam 25c 
30 operates on the roller 25c? to rock the shaft 
25c. The cam is carried by a cam shaft 25/ 
and the cam shaft is operated through a 
chain 25 g from the cam shaft 27a. The clos- 
ing cam 25(3 operates on the valve only mo- 
mentarily and the valve is relieved of the 
weight of the rocker immediately through 
the action of the spring 25 h so that imme- 
diately the valve is subjected to a pressure 
opening it for discharge it is relieved of the 
40 rocker arm pressure. The valve is prefer- 
ably provided with a spring 25 i which tends 
to lift the valve, the tension of the spring 
balancing the weight of the valve parts to 
make the valve sensitive. 

4j The pneumatic motor may be of any pre- 
ferred type. As shown the pipes 26 and 29 
lead to and from a valve chest 30 of the mo- 
tor, the valve chest being arranged on a cyl- 
inder 31. A piston 32 operates in the cylin- 
u .der and is provided with a piston rod 33 
extending to a cross head 34. A pitman 35 
extends from the cross head to one of the 
cranks 36 carried on the driving axles 37. 
Driving wheels 38 are mounted on the axles 
5 and the different cranks are connected by the 
side rods 39. An ordinary slide valve, of 
the plug type, 40 is arranged in the valve 
chest and this' has the controlling ends 41 
co operating over ports 42 leading to the cylin- 
der. The valve is provided with a valve 
stem 43 which is connected with any suitable 
valve gear, preferably a reversing variable 
cut-off valve gear (not shown). • 

The cylinder preferably has a water jacket 
44 and this water jacket has a pipe 45 leading 


from a centrifugal pump 46, the centrifugal 
pump being connected by a pipe 47 with the 
water jackets 10 of the engine cylinders. A 
pipe 48 leads to the water jackets 10 from a 
radiator 49 and a pipe 50 leads from the 7° 
jacket 44 to the radiator so that the pneu- 
matic motor cylinders are warmed by the 
heat from the cylinders of the internal com- 
bustion engine, this beat transfer being ac- 
complished through the liquid kept in cir- 75 
eolation by the centrifugal pump. The cen- 
trifugal pump may be driven by any con- 
venient mechanism (not shown). 

It is desirable that the throttle be operated 
from either end of the locomotive. To that 80 
end the throttle lever is connected by the rod 
51 with the lever 52 at 53 below the pivotal 
mounting 54 of the lever 52 and at the op- 
posite end of the locomotive at 55 with the 
lever 56. the lever 56 being mounted at 57 85 
below the rod. In this way an inward move- 
ment of either the lever 52 or 56 in the same 
direction results in the same control move- 
ment of the throttle. It is desirable also for 
the purpose of quickly stopping the pneu- 90 
matic motor to provide a throttle in the pipe 
26 leading to the valve chest. Such a throt- 
tle 58 is here provided. It has a control 
lever 59 and here also it is desirable to con- 
trol this from either end of the locomotive 85 
with a movement of a controlling lever (ped- 
al actuated) in the same direction. A rod 
60 is connected to the throttle lever, 59, and 
at 61 to a pedal lever 62, the pedal lever be- 
ing pivotally mounted at 63 below point 61. 100 
At the opposite end of the rod 60 a link 64 
connects the rod 60 with a pedal lever 66 at 
65 below a pivotal mounting 67. Conse- 
quently a downward movement of the levers 
62 and 66 results in a similar movement of 70® 
the throttle lever 59. 

It is desirable to supply the device with 
a safety governor for reasons hereinafter de- 
scribed. Such a governor is provided in the 
form of a centrifugal governing mechanism 110 
68 which is driven by a chain 69 from the 
shaft 195. The stem of the centrifugal gov- 
erning mechanism operates upon a switch 70 
acting on terminals 71 controlling the igni- 
tion system. - 116 

It will be understood that it is desirable 
to maintain a definite quantity of actuating 
fluid in the transmission system. This is ac- 
complished in the present invention by a 
mean pressure controlling mechaiiism shown 120 
in detail in Fig. 3. Preferably the fluid 
medium is C0 2 and this is stored in liquid 
form in containers 72. A pipe 73 leads from 
the- containers 72 to a warming coil 74, the 
coil 74 being warmed by atmosphere so as 125 
to convert the wet vapor given off from the 
containers into a comparatively dry gas. 

This coil is connected by a pipe 75 with a 
chamber 76. The chamber is connected 
through a valve opening 77 with a pipe 7$, 130 



112 


1 , 830,361 




the pipe 78 leading to the low pressure pipe 
29. A valve 79 controls the passage 77. It 
is provided with a stem 80. The stem is 
connected to two operating pistons 81 and 
g 82 subjected to pressures from chambers 83 
and 84 respectively. The chamber 83 is con- 
nected by a pipe 85 with the high pressure 
pipe 26 and the chamber 84 by a pipe 86 
with the low pressure pipe 29. The cham- 

• C her S3 is closed against the chamber 76 by a 

closure plunger 87. A spring 88 exerts 
downward pressure on the valve and tends 
to open it while the pistons 81 and 82 tend 
to close it. 

15 This apparatus is designed to maintain an 
approximately constant quantity of operat- 
ing fluid in the circuit. The effective area 
of the pistons 81 and 82, therefore, should 
be so proportioned that the sum of the pres- 
520 sures on the pistons operating in conjunction 
with the spring affect this result. To this 
■ end the area of the piston 81 should be pro- 
portioned to the effective area of the piston 
82 as the volume of the high pressure side 
‘■if> is to the volume of the low pressure side, 
changing this proportion slightly to com- 
pensate for differences in absolute mean op- 
erating temperature of the fluid on the two 
sides. In this way the total quantity of 
30 fluid in the circuit may be maintained ap- 
proximately constant. In order to make the 
device more sensitive I prefer to provide an 
extension 89 above the upper piston 82 and 
oscillate the pistons through an arm 90 actu- 
35 ated by a crank 90a mounted on a shaft 905 
driven from the governor 68. In order to 
start the engine I prefer to utilize the com- 
pressor system as a motor for starting the 
engine. This can be readily accomplished 
40 by the valve mechanism illustrated in Figs. 
2, 2a and 25. An auxiliary starting passage 
91 leads from the port 24 to a passage 92, 
the passage 92 leading by a pipe 93 to a low 
pressure receiver 94. The passage 91 is con- 
45 trolled by a valve 91a and this is provided 
with a stem 95 operating in a guide 96. The 
stem 95 has a cam roller 97 at its lower end 
which is adapted to be operated by a cam 
98 on the shaft 27 c. A wedge piece 100 is 
«) adapted to be interposed between the end 
of the roller 97 and the cam 98 so as to im- 
part to the valve 91 action from the cam 98. 
The wedge piece is carried by a rock arm 
101. The rock arm is mounted on a shaft 
60 101a. A rock arm 102 extends from the 
shaft 101a and is operated by a control rod 
103. When, therefore, it is desired to start 
the engine it is only necessary to throw in 
the wedge pieces 100. Some of these wedge 
00 pieces due to the timing will open at least 
one of the valves 91 thus exhausting fluid 
from the compressor chamber controlled by 
that particular valve, thus releasing the pres- 
sure under the piston of that particular unit. 

* This will unbalance the units relatively to 


each other and the pressure fluid operating 
under the pistons of other units of the engine 
will force those pistons up, thus turning the 
engine over, the valves 91 being timed to 
operate the units in succession to accomplish 
this result in the ordinary manner, the open- 
ing of the valve 91 being coincident with 
the closing of the intake valve 27. 

It will be observed that the constant-fluid 
controlling mechanism through the valve 79 
will add fluid to the system to compensate for 
any fluid exhausted in the starting operation. 
In order that the receiver 94 may be cer- 
tainly maintained at a pressure low' enough 
to accomplisli the starting should this be re- 
tarded, a blow-off valve 94a is provided op- 
erating at a desired maximum pressure in the 
receiver 94. 

It is desirable to return the fluid collected 
in the receiver 94 to the storage containers, or 
bottles 72. To this end the following mech- 
anism is provided : A pipe 104 leads from the 
receiver 94 to a valve chamber 105 of a com- 
pressor 106. The compressor 106 is driven 
from a shaft 107. The shaft 107 is driven 
from a shaft 109 through a dutch 108. The 
shaft 109 is a part of, or connected with, the 
power shaft of the starting motor 110. The 
motor 110 is fluid driven and gets its supply 
by way of a pipe 111. The pipe 111 is con- 
nected by a pipe 114 with the high pressure 
pipe 26. The pipe 111 is also connected by 
way of a pipe 111a with the pipe 75. A valve 
112 is arranged in the pipe 111 and a valve 
115 in the pipe 114 and a valve 113 in the 
pipe 111a, the connection of the pipe 114 with 
the pipe 111 being between the valves 112 and 
113. When the engine is running and the 
starting motor is operated the valve 113- is 
closed and the valves 112 and 115 are open. 
Under these conditions, the exhaust from the 
starting motor 110 is carried by way of a 
pipe 116 to the low pressure pipe 29. A 
valve 117 is arranged in this pipe and is open 
as the motor is operated under the conditions 
just expressed. As the motor is operated and 
the compressor 106 actuated fluid is pumped 
from the receiver 94 and is discharged from 
the compressor through a pipe 106a to the 
containers, or bottles 72. The pipe 106a is 
provided with a valve 1065 which may be 
closed when the compressor is idle and the 
pipe is also provided with a cooling coil 106c. 
It may be desirable to use the starting mo- 
tor 110 to start the engine as distinguished 
from the valve action illustrated in Figs. 2, 
2a and 25. Under these conditions the valve 
115 is closed and the valve 113 opened. Thus 
fluid direct from the pipe 75 is delivered to 
the starting motor 110 and under these condi- 
tions exhaust from the motor is delivered to 
the low pressure receiver 94 and the valve 117 
is closed. A pipe 104a leads from the pipe 
104 to the exhaust pipe 116 and a three-way 
valve 105a is arranged between the pipe 104 
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and 104a. The valve 105a is turned to close 
the passage into the valve chest 105 and open 
the connection between the pipe 104: and 104a 
so that the exhaust from the motor 110 takes 
B place through the pipe 116, pipe 104a, pipe 
104 to the low pressure receiver. A gear 118 
is mounted on a fly wheel 118a of the crank 
shaft 6. A gear 119 driven from the shaft 
109 of the engine operates on the gear 118. 
13 The gear 119 is controlled by any desired 
starting connection 120 which releases the 
connection with a driving speed of the gear 
118. 

It is desirable to replenish the system with 
15 the operating fluid so as to compensate for any 
leakage through the power motor, or compres- 
sors. This can be conveniently done when 
C0 2 is used as the transmission fluid by collect- 
ing the C0 2 from the exhaust of the engine. 
An apparatus designed for this purpose is as 
follows : The engine is provided with a muffler 
121. Exhaust gases are drawn off from the 
exhaust pipe 15, this being between the engine 
and the muffler so as to get any advantage of 
£5 back pressure from the muffler. A pipe 122 
leads through a cooling coil 122a to a niter 123 
and a pipe 124 leads from the filter to the in- 
take of a fan 125. A pipe 126 leads from the 
fan to a separator 127. The separator is con- 
33 nected by pipes 128 and 129 with the water 
pipes 45 and 50 respectively so that the separa- 
tor is heated sufficiently to facilitate its opera- 
tion. The separator may be of any well- 
mown design, either physical or chemical. A 
“3 suitable device is shown in Fig. 5 in which the 
separator 127 is divided into two chambers 
127a and 1275 and designed to circulate a liq- 
uid through said chambers as indicated by 
the arrows, heat being delivered through the 
- 3 coil 127c, the coil being connected with the 
pipes 128 and 129. A solution of a mixture 
of sodium carbonate and sodium bicarbonate 


vent a return flow from the receiver. It will 
be understood that the fluid accumulated in 
the low pressure receiver in this manner is re- 
turned to the containers, or bottles 72 by the 
compressor 106 in the manner heretofore de- 
scribed. 

Operation 

It will be noted!' in this transmission system 
the engine effort is transmitted pneumatically 
directly to the driving motor without the in- 
terposition of receivers so that there is an im- 
mediate response of the driving motor to 
changes in effort of the engine. Consequent- 
ly in the normal operation of the locomotive 
the engine throttle 18 affords the only neces- 
sary control. This will be understood if the 
engine and compressor set be regarded as a 
pump pumping fluid from a low reservoir to a 
high reservoir and the driving motor set as 
a motor discharging fluid from the high to 
the low reservoir with a constant quantity off 
fluid in circuit. It is evident that for a given 
engine and compressor speed the pressure 
difference, and hence the torque on the driv- 
ing motor, quickly and automatically in- 
creases as the motor speed decreases. On the 
other hand the driving motor speed will in- 
crease with a given engine speed where the 
load conditions of the driving motor decreaseT - 
But in any case the full range of speed may 
be accomplished by a variation of speed of 
the engine which under similar load condi- 
tions will be directly reflected by the change 
of the driving motor speed. With this sys- 
tem, it will be noted also, that by reason of 
the high back-pressure and the great varia- 
tion in pressure difference between the two 
sides of the system it is possible to use a con- 
stant medium late cut-off while obtaining am- 
ple operating flexibility with practical''’ a 
minimum expansion card in the motor for 


is used, and as heated by the coil 127c gives 
off some of its contained carbon dioxide, f orm- 
43 ing some sodium carbonate from some of the 
sodium bicarbonate. This action is facilitat- 
ed by the suction from the compressor ihtake 
pipe 131 leading from the chamber 1275. 
Bubbles of exhaust gases are continuously is- 
c0 suing from the end of the pipe 126 into the 
chamber 127a. Some of the carbon dioxide in 
this stream of exhaust gases is absorbed in the 
solution, forming sodium bicarbonate, the re- 
mainder being vented with the inert exhaust 
55 gases through the pipe 130, the sodium bicar- 
bonate formed giving up, as before stated, its 
carbon dioxide in the chamber 1275, and 
which is taken off through the pipe 131 to a 
compressor 132. The compressor is driven by 
60 a shaft 133 from a shaft 135 through a clutch 
134. The shaft 135 is driven by a gear 136 
from a gear 136a on the starting motor shaft. 
The C0 2 is delivered from the compressor by 
way of a pipe 137 to the low pressure receiver 
94, a check valve 137a being provided to pre- 


starting yet with more and more complete 
expansion as the motor speed increases and 
the pressure difference drops. If, however, : 
a constant cut-off is used, means should be 
preferably provided for avoiding over-expan- 
sion and this would also occur with faulty 
operation where a variable cut-off is used. 

I have, therefore, provided in the present 
device means for preventing over-expansion. 
This is illustrated in Fig. 4. Valves 31a lead 
from the ends of the cylinders into chambers 
315. These valves are of the check valve 
variety permitting flow into the cylinders 
but preventing flow outwardly. The cham- 
bers 315 are connected by pipes 31c and 31 d 
with the low pressure side 29 of the transmis- 
sion circuit. If, therefore, there is incipient “j 
over-expansion, fluid is immediately supplied 
to these valves from the low pressure side 
preventing such over-expansion and conse- 
quent' work losses. While I have shown ordi- 
nary check valves, it will be understood that 1 
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any sensitive valve of the compressor type 
may be used. 

These characteristics are illustrated by 
Fig. 10, which shows pressure-volume dia- 
5 grams for the compressor, and by Fig. 11, 
which shows pressure-volume diagrams for 
the motor. The full-line pressure volume 
diagrams show the condition in which the 
motor is operating at low torque and high 
10 speed. The dotted diagrams show the con- 
dition in which the motor is operating at 
high torque and low speed, as when starting. 
The action of the over-expansion valves 31<z 
is shown at A in Fig. 11, the shaded area 
15 showing the work otherwise lost. 

It will be noted that the net work of the 
motor per revolution varies several hundred 
per cent, while the compressor work per 
revolution remains nearly constant at the 
20 optimum value for the given engine. 

It will be understood that a variable cut- 
off is desired to get the maximum economy 
tor differences in speed and torque. In the 
present system the total quantity of fluid re- 
25 mains constant in the transmission circuit. 
I he maximum of economy is obtained by po- 
sitioning the cut-off with relation to the 
working pressure difference for complete ex- 
pansion. This point of cut-off can be read- 
30 ily established in the present system due to 
the fact that the mean pressure is constant 
by setting it with relation to this pressure 
difference. 

In Fig. 9 I have shown diagrammatically 
8B a plurality of engines 138—138 delivering to 
driving motors 139 connected to a common 
load through a shaft 140. Fluid is conveyed 
from the engines through a connection 141 
and returned through pipes 142, these pipes 
40 141 and 142 corresponding to the pipes 26 
and 29 of Fig. 1. The low pressure pipes 
142 are coupled by a pipe 143. A gauge 144 
indicates the high pressure and a gauge 145 
the low pressure and a gauge 146 indicates 
45 the pressure difference. The differential 
gauge 146 is provided with two scales, 147 
indicating the pressure difference and a scale 
• 148 which designates cut-off settings for each 
pressure difference. Any variable cut-off 
60 valve mechanism commonly employed on 
locomotives, such as the Stephenson link may 
be used in connection with the motor, being 
connected as shown with the valve rod 43 
(see Fig. 1) . All that is necessary to obtain 
6 « the proper cut-off setting for maximum 
economy is for the operator to set the cut-off 
to correspond with the pressure difference. 

It will be noted that the present system has 
a flexibility such that a plurality of engines 
of different sizes and speeds may be used 
operating upon the same driving motors sub- 
stantially without change in the system. 

It will be noted also that the direct connec- 
tion between the compressor and the driving 
motor permits of the ready communication 


°f the compressor heat to the driving motor 
thus preventing excessive low temperatures - 
in the driving motor with the attendant 
lubricating and other troubles incident to 
such low temperature. This, in the present 70. 
construction, is supplemented in the prefera- 
ble form by the hot water circulating pipes 
extending to the jacket of the engine. This 
maintaining of the transmission fluid at a 
temperature preventing lubricating troubles 76 
both in the compressor and the driving motor 
is also supplemented by utilizing the engine 
piston as the piston for the compressor so' 
that there is a direct heat transference from 
the engine to the compression side of the en- 80 
gine-and-compressor cylinder.- 

I prefer also to further lift the mean tem- 
perature of the transmission fluid in the 
closed circuit somewhat above atmospheric 
temperature by insulating the hot, or high 85 
pressure side while exposing the low pressure 
side to atmosphere or other heating medium, 
ouch insulation is indicated at 149 (see 
Fig. 1). v 

By using expansible fluid under substan- 00 
u ,P ressure throughout the circuit, both in 
the high and low pressure sides it is possible 
to reduce the size of the compressor and 
still absorb the energy of the engine. This 
is because the volume ratio is comparatively 95 
small with a large pressure difference and 
this permits of a single-stage adiabatic com- 
pression with a large pressure difference. 

I his makes possible the use of a compressor 
in which one end of the engine cylinder may 100 
be used for the compressor cylinder. This 
makes practical also a much higher compres- 
sor speed which is necessary to the practical 
operation of the engine. This high speed is 
not only facilitated by the nature of the com- 105 
pressor but by reason of the fact that the 
small volume ratio of compression gives a 
much longer open period to the outlet valves 
at the end of the compression stroke and also 
makes permissible a greater pressure differ- HD 
ence at the two sides of the valves without 
objectionable loss. It is feasible, therefore, 
with this system to have a very much greater 
pressure drop between the high pressure and 
low pressure sides of the circuit with a com- 115 
P a -tively simple single-stage mechanism. 

While I have shown the compressor as 
formed directly in the engine cylinder and 
many of the advantages of my invention are 
dependent on such an arrangement it will be 120 
Understood that in the broader aspects of the 
invention the compressor cylinder may be 
separated from the engine cylinder but 
preferably operated by the same reciprocat- 
ing unit under the expansion of the engine 125 
fluid compressing the transmission fluid. 

In order that the compressor may absorb 
the energy of the engine the quantity of 
transmission fluid should be maintained 
above a pre-determined minimum. The 130 
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quantity controlling device which automati- 
cally supplies to the transmission circuit any 
losses of fluid assures the complete absorp- 
tion of the engine energy at all times by the 
compressor. It will be noted that the com- 
pressor also has a comparatively large clear- 
ance space. This clearance space should be 
such as to permit of the operation of the 
engine with no delivery from the compressor. 
Thus it is possible in instantly stop the motor 
in an emergency through the throttle 58 and 
to permit the engine to continue running. 
This is of particular importance also in the 
present system in that the engine will con- 
tinue to operate with a full energy output 
with wide pressure differences so that the 
torque on the driving motor may have wide 
variations dependent on the load upon the 
driving motor with a constant full load 
torque on the engine. It will be understood, 
of course, that when the pressure difference 
in the system reaches a point that there is no 
fluid delivery the engine will then operate 
at the idling torque and it is for this reason 
largely that the safety governor is provided 
so that if this condition arises the ignition 
may be cut off and the running away of the 
engine prevented. It will be observed that 
all of these features which tend to automati- 
cally accommodate conditions of service as- 
sist in reducing the necessity for operative 
skill. 

C0 2 forms a desirable medium for the 
transmission system because it is non-explo- 
sive, non-poisonous, cheaply obtainable, and 
also non-corrosive even in the presence of 
air. It has a boiling point much below at- 
mosphere and will not freeze in the piping. 
It has the great advantage that its critical 
temperature is above atmosphere so that it 
can be liquefied by pressure alone while its 
critical pressure is low so that it can be car- 
ried in bottles in liquid form at less than one 
thousand pound pressure. By reason of its 
critical temperature and pressure it can be 
readily used for starting because atmospheric 
heat readily vaporizes it. Where a combus- 
tion engine is used the waste gases from the 
engine itself form a ready source of supply 
for the liquid. 

It will be observed that by merely reversing 
the valve mechanism of the driving motor 
I may have regenerative braking. The mo- 
tor then acts as a compressor drawing fluid 
from the low pressure side of the transmis- 
sion circuit through the exhaust port of the 
main valve and through the relief valves 31a 
and compressing this fluid into the high pres- 
sure side of the circuit through the inlet port 
of the main valve. This regenerative brak- 
ing energy of compression should preferably 
be utilized. Where this is desired, this is 
accomplished by driving the starting motor 
110 from the transmission circuit. This has 
already been explained as being accomplished 


by connecting the high pressure side 26 
through the pipe 114, valve 115, valve 112, 
pipe 111 with the motor 110 and exhausting 
the motor through the pipe 116 to the pipe 
29, the energy of the motor being used to :i , 
pump fluid from the low pressure receiver 94 
to the bottles 72 as heretofore described, or in 
operating the compressor 132 in delivering 
replenishing fluid to the low pressure receiv- 
er. It will be observed . that during the re- r - 
generative braking no change is made in the 
valve controls of the starting motor and the 
auxiliary compressors over their setting for 
operation directly from the systems where 
the engine supplies the power so that in this g n 
respect the apparatus operates automatical- 
ly- 

In Fig. 7 I have shown the apparatus as 
adapted to a four cycle power engine. In 
this device the only difference in structure is 
that the exhaust 15a is omitted from its cyl- 
inder la the cam shafts are timed for revo- 
lution with every other rotation of the crank 
shaft as in ordinary four cycle practice and 
the inlet valve 27 remains closed during the 
idle stroke and thus in effect unloads the com- 
pressor for this stroke. 

It may be desirable also instead of using 
the water heating system for the driving mo- 
tor cylinder to provide for heating it with <i:. 
atmospheric air. Under such condition the 
chest and cylinder 30a and 31a are provided 
with ribs 305 facilitating heat transfer from 
the atmosphere to the walls of the chest and 
cylinder. 

It will be noted that the clearance of the 
compressor should be such that a constant 
compressor torque will continue through 
quite a wide range of variation of pressure 
difference and, therefore, of motor torque jn-, 
due to the expansion of the clearance volume 
and a diminished delivery with increasing 
pressure differences and this constant com- 
pressor torque should be slightly below the 
available maximum engine torque as has been i : » 
before described. 

It will be noted that in the present instance 
the compression stroke of the piston with re- 
lation to the combustion chamber is accom- 
plished through the direct pressure on the m 
lower face of the piston by the low pressure 
transmission gases. Thus there is a distinct 
power saving in as much as the mechanical 
connections are relieved of the strain in af- 
fecting the compression of the combustion irr 
gases. 

What I claim as new is : — 

1. In a- power transmitting apparatus, the 
combination of an internal combustion en- 
gine; a compressor driven by the engine, the 125 
compressor having a clearance without de- 
livery creating only such back pressure as is 
overcome by the available torque of the en- 
gine ; a motor ; a normally closed pressure cir- 
cuit between the compressor and motor; 1:!| l 
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means for maintaining the pressure in said 
circuit above atmospheric pressure; and 
means controlling the speed of the engine to 
control the speed of the motor. 

5 2. In a power transmitting apparatus, the 

combination of an internal combustion en- 
gine; a compressor driven by the engine; a 
motor ; a normally closed pressure circuit be- 
tween the compressor and motor, said com- 
1,J pressor having a clearance creating a constant 
compressor torque throughout a range of va- 
riation of motor torque and within the maxi- 
mum torque of the engine ; means for main- 
taining said pressure above atmospheric pres- 
15 sure ; and means controlling the speed of the 
engine to control the speed of the motor. 

3. In a power transmitting apparatus, the 
combination of an internal combustion en- 
gine ; a compressor driven by the engine, the 

20 compressor having a clearance without deliv- 
ery creating only such back pressure as is 
overcome by the available torque of the en- 
gine; a motor; a normally closed pressure 
o _ circuit between the compressor and motor; 
2o means maintaining the pressure in said cir- 
cuit above atmospheric pressure ; means con- 
trolling the speed of the engine to control 
the speed of the motor; and a speed sensitive 
device stopping the engine at a predeter- 
co mined speed. 

4. In a power transmitting apparatus, the 
combination of an internal combustion engine 
comprising a reciprocating piston ; a com- 
pressor comprising a reciprocating piston di- 

od rec.tly connected to the engine piston, a mo- 
tor; a closed pressure gaseous fluid transmis- 
sion circuit between the compressor and the 
motor; means maintaining the pressure in 
said circuit above atmospheric pressure. 

40 5. In a power transmitting apparatus, the 

combination of an internal combustion en- 
gine comprising a cylinder and reciprocating 
piston; a compressor comprising a piston 
formed integrally with the engine piston and 
45 operating in the engine cylinder.; and a closed 
pressure gaseous fluid transmission circuit be- 
tween the compressor and the motor; means 
maintaining the pressure in said circuit above 
atmospheric pressure. 

60 6. In a power transmitting apparatus, the 

combination of an internal combustion en- 
gine ; a compressor driven by the engine ; a 
motor; a normally closed pressure circuit be- 
tween the compressor and motor; means 
65 maintaining the pressure in said circuit above 
atmospheric pressure ; means braking the mo- 
tor by the fluid forced reversely through the 
circuit by the compressing action of the mo- 
f Q tor when the motor is subject to driving force 
J and means utilizing the fluid reversely driven 
for starting the engine. 

7. In a power transmitting apparatus, the 
combination of an internal combustion en- 
C3 gine ; a compressor driven by the engine ; a 
motor ; a normally closed pressure circuit be- 


tween the compressor and motor ; means 
maintaining the pressure in said circuit above 
atmospheric pressure ; means braking the mo- 
tor by reversing the fluid in the circuit 
through the driving action of the motor; a ^ 
starting motor; means circulating the fluid 
driven by the motor through the starting mo- 
tor; and a compressor driven by the starting 
motor for starting the engine. 

S. In a power transmitting apparatus, the 75 
combination of an internal combustion en- 
gine; a compressor driven by the engine; a 
motor ; a normally closed pressure circuit be- 
tween the compressor and motor; means 
maintaining the pressure in said circuit above 80 
atmospheric pressure; and means controlling 
the speed of the engine to control the speed 
of the motor; a liquid fluid supply contain- 
ing means connected to the circuit ; starting 
means receiving fluid from the liquid supply ; 85 
and means for gasifying said starting fluid 
before expansion in the starting means. 

9. In a power transmitting apparatus, the 
combination of an internal combustion en- 
gine; a compressor driven by the engine; a 90 
motor ; a normally closed pressure circuit be- 
tween the compressor and the motor; means 
maintaining the pressure in said circuit above 
atmospheric pressure; CO, in the circuit; 
means separating and collecting the C0 2 «« 
from the waste gases; and devices deliver- 
ing the C0 2 collected to the circuit compris- 
ing a compressor driven by the fluid from 
the circuit. 

10. In a power transmitting apparatus, the ;i,! 
combination of an internal combustion en- 
gine; a compressor driven by the engine; a 
motor; a normally closed pressure circuit 
between the compressor and the motor; 
means maintaining the pressure in said cir- :n -' 
euit above atmospheric pressure ; C0 2 in the 
circuit; means separating and collecting the 
C0 2 from the waste gases ; devices delivering 
the C0 2 collected to the circuit comprising 

a compressor driven by the fluid from the ■ 1 
circuit condensing the collected C0 2 to liq- 
uid form ; and a liquid container for storing 
the C0 2 in liquid form. 

11. In a power transmitting apparatus, 
the combination of a variable speed internal ' n 
combustion engine; a compressor driven by 
the engine; a motor normally controlled by 
the control of the internal combustion en- 
gine; a normally closed pressure circuit be- 
tween the compressor and motor; means H2 ' 
maintaining the pressure in said circuit 
above atmospheric pressure; and means 
maintaining a constant quantity of transmis- 
sion fluid in the circuit. 

12. In a power transmitting apparatus, !v " 
the combination of a variable speed internal 
combustion engine; a compressor driven by 
the engine; a motor normally controlled by 
the control of the internal combustion en-> 
gine; a normally closed pressure circuit be- 1,f> 
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tween the compressor and motor; means 
maintaining the pressure in said circuit 
above atmospheric pressure ; and means 
maintaining a constant quantity of trans- 
5 mission fluid in the circuit comprising a 
means of supply connected to the circuit, a 
valve controlling said means, and pressure 
devices connected into both sides of the cir- 
cuit, and controlling said valve. 

10 13. In a power transmitting apparatus, the 

combination of a variable speed internal com- 
bustion engine; a compressor driven by the 
engine; a motor normally controlled by the 
control of the internal combustion engine; a 
15 normally closed pressure circuit between the 
compressor and motor; means maintaining 
the pressure in said circuit above atmospheric 
pressure.; and means maintaining a constant 
quantity of transmission fluid in the circuit 
20 comprising a means of supply connected to 
the circuit, a valve controlling said means, 
and pressure devices connected into both sides 
of the circuit, said pressure devices being pro- 
portioned in relation to the interior volumes 
2j of the respective sides of the circuit and the 
sum of the total forces on said pressure de- 
vices acting to control the valve. 

14. In a power transmitting apparatus, 
the combination of an internal combustion 

c:i engine; a compressor driven by the engine; 
a motor; a normally closed pressure circuit 
between the compressor and motor; means 
maintaining the pressure in said circuit 
above atrqospheric pressure; and automatic 
C5 inlet valves opening from the low pressure 
side of the circuit to the motor to prevent 
over-expansion. 

15. In a power transmitting apparatus, 
the combination of a variable speed internal 
combustion engine; a compressor driven by 
the engine; a motor normally controlled by. 
the control of the internal combustion en- 
gine ; a normally closed pressure circuit be- 
tween the compressor and the motor; means 

J maintaining the pressure in said circuit 
above atmospheric pressure; and means for 
maintaining the pressure of the transmis- 
sion fluid at a mean value through the nor- 
mal range of motor torque and speed suf- 
co ficient to substantially balance the engine 
and compressor work per stroke. 

16. In a power transmitting apparatus, 
the combination of an internal combustion 
engine; a compressor driven by the engine; 

rr> a motor; a normally closed pressure circuit 
between the compressor and motor; means 
maintaining the pressure in said circuit 
above atmospheric pressure ; means main- 
taining a constant quantity of fluid in said 
c " circuit; and a differential gauge indicating 
pressure difference between the high and low 
pressure sides of the circuit, said gauge be- 
ing provided with a scale indicating a de- 
sirable cut-off for each pressure difference. 
rr ' 17. In a power transmitting apparatus, 


the combination of a combustion engine; a 
compressor driven by the engine; a gaseous 
fluid actuated motor; and a closed circuit 
between the compressor and the motor; 
means maintaining a pressure above atmos- 7° 
pheric on the low pressure side of the cir- 
cuit, said engine and compressor being di- 
rectly connected and the intake stroke of the 
compressor being directly opposed to a com- 
pression stroke of the engine whereby the 75 
pressure of the low pressure side of the cir- 
cuit operates to compress the combustion 
fluid. 

18. In a power transmitting apparatus, 
the combination of a combustion engine; a 50 
compressor driven by the engine; a fluid 
actuated motor; a closed circuit between the 
compressor and the motor; and means re- 
sponsive to pressure changes in the low pres- 
sure side of said circuit automatically 85 
maintaining a pressure above atmospheric 
on the low pressure side of the circuit, said 
engine and compressor being directly con- 
nected and the intake stroke of the com- 
pressor being directly opposed to a com- 5° 
pression stroke of the engine whereby the 
pressure of the low pressure side of the cir- 
cuit operates directly to compress the com- 
bustible fluid. 

19. In a power transmitting apparatus, the 55 
combination of a combustion engine com- 
prising a piston ; a compressor comprising a 
piston integral with the engine piston and 
driven by the engine; a fluid actuated mo- 
tor ; a closed circuit between the compressor 100 
and the motor; and means responsive to pres- 
sure changes in the low pressure side of said 
circuit automatically maintaining a pressure 
above atmospheric on the low pressure side 

of the circuit, the intake stroke of the com- 105 
pressor being directly opposed to the com- 
pression stroke of the engine whereby the 
pressure of the low pressure side of the cir- 
cuit operates directly to compress the engine 
fluid. no 

20. In a power transmitting apparatus, 
the combination of a combustion engine com- 
prising a piston; a compressor comprising 
a piston directly coupled to and reciprocating 
with the engine piston and driven by the U5 
engine ; a fluid actuated motor ; a closed cir- 
cuit between the compressor and the motor; 
and means responsive to pressure changes in 
the low pressure side of said circuit automati- 
cally maintaining a pressure above atmos- 120 
pheric on the low pressure side of the cir- 
cuit, the intake stroke of the compressor be- 
ing directly opposed to the compression 
stroke of the engine whereby the pressure 

of the low pressure side of the circuit oper- 125 
ates directly to compress the engine fluid. 

21. In a power transmitting apparatus, 
the combination of a combustion engine com- 
prising a piston ; a compressor driven by said 
engine and comprising a piston reciprocal 130 
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in" as a common unit with said engine piston, 
said compressor having a clearance volume 
sufficient to permit idling operation of the 
engine-compressor with all delivery from the 
: compressor stopped; a fluid-actuated motor; 
and a pressure conduit between said com- 
pressor and said motor, the intake stroke 
of the compressor being directly opposed to 
the compression stroke of the engine, where- 
13 by the fluid trapped in the clearance vol- 
ume of said compressor performs a substan- 
tial part of the work of compressing the 
combustion fluid, directly by pushing on the 
common piston assembly. 

15 22. In a power transmitting apparatus, 

the combination of an internal combustion 
engine; a compressor, said engine and com- 
pressor having a common integral piston 
with the same working area for the engine 
-- and compressor operating in a common cyl- 
inder: a motor; a normally closed pressure 
circuit between the compressor and the mo- 
tor ; means maintaining the pressure in said 
circuit above atmospheric pressure; and a 
-- non-combustible fluid in the circuit, said 
piston being actuated to compress the com- 
bustible fluid by the intake of fluid entering 
the compressor. 

In testimony whereof I have hereunto set 
30 my hand. 

ROBERT EARLL BRUCKNER. 
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My invention relates to fluid transmissions and 
particularly to closed circuit fluid transmission 
systems in which, provision is made for braking 
of the driven member and in which a make-up 
5 means is provided to inject new fluid into the 
system to compensate for leakage. 

An object of my invention is to make possible 
braking by the driving motor with consequent 
exhaustion of the main capacity of the low pres- 
10 sure side of the system without making it nec- 
essary for the make-up device to operate to in- 
ject new fluid into the system during this tem- 
porary depletion. Another object is to provide 
an arrangement of ports whereby the make-up 
15 device will come into use when there is a legiti- 
mate need for more fluid to be injected into 
the system. Other objects will appear from the 
disclosures in the specifications and drawings. 

Fig. 1 is a drawing showing the fluid trans- 
20 mission as applied in an automobile. 

Fig. 2 is a detail of the fluid make-up ap- 
paratus. 

Fig. 3 is a detail of the fluid motor. 

In the application to an automobile, illus- 
25 trated in Fig. 1, an internal combustion engine 
I mounted on frame 17 drives compressor 2 also 
mounted on frame 17 which draws fluid through 
intake pipe 3 and its associated compressor check 
valve and compresses it into high pressure res- 
30 ervoir 4 through pipe 5 and its associated com- 
pressor check valve. The high pressure fluid 
passes through pipes 6 and 7, throttle 8, and 
pipe 9 to the valve-controlled fluid motor 10, 
which drives the wheels 1 1 . The fluid is ex- 
35 hausted from the motor 10 through pipe 12, to 
which is connected low pressure reservoir 13. 
When the compressor is compressing, it takes air 
out of pipe 12 through check valve 14, pipe 15, 
unloader valve 16 and pipe 3. 

40 The path of the fluid is thus seen to be through 
a closed circuit to which are connected on both 
the high and the low pressure sides reservoirs 
which serve to prevent any sudden changes in 
pressure. The engine supplies the power to the 
45 compressor which is used to pump fluid, usually 
air, into the high pressure reservoir where the 
used energy is stored as potential energy of the 
fluid. This energy is available for driving the 
fluid motor which again transforms it Into me- 
50 chanical energy at the wheels. The closed cir- 
cuit in a fluid transmission is particularly ad- 
vantageous because of the huge outputs of pow- 
er that can be transmitted with relatively small 
equipment, especially when the ratio of the pres- 
56 sures on the high and low pressure sides of the 


system is made about 3. Another advantage re- 
sides in the fact that, since the compression 
ratio is small, the temperature of the discharged 
air from the compressor is also low, and for the 
same reason, there is no freezing at the exhaust 5 
of the fluid motor. 

For best efficiency it is desirable to maintain 
the fluid pressure in the high pressure side of 
the system substantially constant. To this end 
the speed of the internal combustion engine is 10 
varied to correspond to the demand for fluid 
and when the speed is reduced to a little above 
the stalling speed the compressor is unloaded. 
Fluid pressure reaches diaphragm pressure regu- 
lator 18 by way of pipes 6 and 19 from high W 
pressure reservoir 4 . The regulator 18 causes 
rod 20 to move in a direction to gradually close 
throttle 21 of carburetor 22 through linkwork 23 
when the pressure in reservoir 4 increases. The 
effect of this Is to decrease the speed of the en- 20 
gine and compressor and decrease the amount 
of fluid pumped into the reservoir as pressure 
increases. When a pressure is reached at which 
a speed near to stalling occurs, the rod 20 is 
advanced to a point where the valve 16 is closed, 25 
shutting off the intake supply to the compressor 
2 which normally would be through pipe 3, valve 
16, pipe 18, check valve 14, and pipe 12 from 
reservoir 13. After the intake is shut off, the 
compressor does no work and the engine idles. 30 
This condition persists until the pressure in res- 
ervoir 4 drops sufficiently to permit the valve 16 
and the throttle 21 to open whereupon pumping 
again starts. If, for any reason, the pressure 
regulation fails and the pressure exceeds the safe 35 
limit, it is discharged from the high pressure 
reservoir 4 through pipe 6, the safety relief valve 
24, pipe 25, and pipe 12 into the low -pressure 
reservoir 13. 

In order to make up for leaks of fluid from 40 
the system into the atmosphere, an automatic 
make-up means is provided. This can be seen 
in detail by referring to Fig. 2. A compressor 26 
is mounted on the frame 17 and has a shaft which 
is coupled to the shaft of engine I so that the com- 45 
pressor runs whenever the engine runs. 27 Is the 
intake pipe and 28 is the discharge pipe. In the 
particular embodiment illustrated, air is em- 
ployed as the working fluid, so in the operation of 
the make-up means, when more air is demanded 50 
by the system, air is taken into the compressor 
28 through cleaner 29, pipe 30, valve 31, pipe 27 
and Its associated compressor check valve and 
discharged through pipe 28 and its associated 
compressor check valve and pipe 12 into pipe 15 55 
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where It can be taken in by compressor 2 and 
pumped up into the high pressure side of the sys- 
tem. The air cannot, however, pass from pipe 15 
back into the low pressure reservoir 13 because 
B of the check valve U which permits fluid to pass 
only in a direction away from pipe 12 . 

The operation of the make-up system is auto- 
matically controlled. When the pressure in pipe 
15 exceeds a predetermined value, it acts through 
10 pipe 32 on diaphragm regulator 33 to close valve 
31 which shuts ofl the intake to the compressor 
26, unloading it and causing it to stop discharg- 
ing air Into pipe 15. In the operation of the 
regulator 33, pressure acts on diaphragm 34 
15 against the compression of spring 35, the reac- 
tion of which is taken by the bracket 36 mounted 
on the frame 11, to move the rod 31 through pack- 
ing 38 in a direction to bring the valve cone 35 
against the valve seat 40. Should the pressure 
20 regulator 33 not function properly and the pres- 
sure in pipes 15, 32, and 28 rise to a dangerously 
high value, the safety valve 41 opens and passes 
fluid out through pipe 42 to the atmosphere. 

The control of the motion of the car is through 
25 two levers: lever 43 which controls throttle 8 in 
the high pressure line to the fluid motor 10 , and 
lever 44 which, through linkwork 45, controls 
the valves of motor 10. The fluid motor 10 is like 
an ordinary steam engine having cylinder 46, pis- 
30 ton 41 on piston rod 48, driving crank SO through 
connecting rod 49. Crank 50 is on axle 51 at- 
tached to wheels II. The valve mechanism 52 
controls the time of cut-off, admission and ex- 
haust and, in addition to being reversible, is ca- 
35 pable of variation over a wide range of cut-off. 
The valve events are, of course, determined by 
the phase relation of valve 53 with respect to pis- 
ton 41, which relation is changed by manipula- 
tion of the mechanism 52 through movement of 
40 the lever 44. A standard Stephenson link has 
been shown and since this valve gear is so old 
and so well known to those skilled In the art, It 
is not considered necessary to explain its opera- 
tion in detail. 

45 In the normal operation of the car in the for- 
ward direction, fluid pressures in the high and 
low pressure reservoirs stay substantially con- 
stant. The throttle 8 Is wide open; the valves 
of the fluid motor are set in the forward posi- 
50 tion with the desired cut-off: the fluid passes 
from the high pressure side of the system through 
the fluid motor to the low pressure side from 
which it is compressed into the high pressure side 
again by compressor 2. The compressor speed 
55 varies and the compression starts and stops In 
response to the pressure in the reservoir 4. The 
compressor 26 compresses and idles at intervals 
depending upon the need for make-up fluid as 
shown by the pressure in pipe 15. 
eo One of the most important advantages of the 
type of transmission here described is that it can 
he employed as a brake for the vehicle which it 
drives. This is accomplished by setting the valves 
of the motor In reverse which makes a compressor 
65 of the motor. Under these circumstances fluid is 
taken from low pressure reservoir 1 3 through pipe 
12 into the motor 10 and is compressed and sent 
out through pipe 9. The energy required for the 
compression is supplied by the car in. coming to 
70 rest. If the throttle 8 were left open during the 
braking operation, the car would Immediately 
start backwards upon coming to rest, since the 
valves would be in reverse. Hence it is necessary 
to close the throttle 8 . But it is also necessary 
75 during braking to provide a path from pipe 9 into 


the high pressure reservoir 4 and this path must 
not be conducting in the other direction. A check 
valve 84 In pipe 85 is, therefore, made to shunt 
the throttle I. This check valve permits fluid to 
be pumped by motor 10 into the tank 4; but when 
the car has stopped, the fluid cannot return to 
the motor to propel the car in the reverse direc- 
tion. 

During braking, fluid is taken from the low 
pressure reservoir 13 and is pumped into the l( 
high pressure tank by motor 10. To prevent the 
lowering pressure in the tank 13 from causing 
the make-up apparatus to start working, the 
check valve 14 Is placed in the pipe 15 between 
the low pressure reservoir and the pipe 32 lead- 15 
ing to the make-up regulator 33 and the inlet to 
the compressor 2. This check valve 14 permits 
fluid to pass in the direction of the indicating 
arrow from the tank 13 and the pipe 12 into the 
pipe 1 5 and thence into the compressor intake and 20 
into the make-up regulator; so when the car is 
being driven by the transmission the fluid can 
circulate freely and if there is a real demand 
for more air in the system as evidenced by lowered 
pressure in the tank 13 it will quickly become ap- 25 
parent in pipe 15 when the compressor 2 starts 
working. When, however, the pressure in tank 13 
is lowered not by leakage of fluid to the atmos- 
phere but by having fluid pumped out of it in the 
braking process, the pressure in pipe 15 remains 30 
the same and, hence, there is no tendency for the 
make-up regulator to cause new air to be pumped 
into the system. 

It is sometimes desirable to enlarge pipe 15 
into a larger chamber as at 56 in order to make 35 
somewhat more constant the pressure in the pipe 
15. Of course, chamber 56 may be simply a sec- 
tion of tank 13 with check valve 14 between the 
two sections. 

What I claim as new and desire to secure by 40 
Letters Patent is: 

1. In a closed pressure fluid transmission cir- 
cuit including a compressor, a high pressure res- 
ervoir connected to the exhaust of said com- 
pressor, a reversible-valve fluid motor having an 46 
intake adapted to be connected to said high pres- 
sure reservoir, a low pressure reservoir connected 

to the exhaust of said fluid motor and adapted to 
be connected to the intake of said compressor, the 
combination of means automatically injecting 50 
fluid Into the low pressure side of the circuit when 
the pressure In the intake pipe of said compressor 
is lower than a predetermined value, and valve 
means located in said circuit between said low 
pressure reservoir and the intake pipe of said 55 
compressor and adapted to prevent a lowered 
pressure in the low pressure reservoir from being 
communicated to the compressor intake pipe to 
start the automatic injecting means. 

2. In a closed pressure fluid transmission cir- 60 
cuit including a compressor, a high pressure reser- 
voir connected to the exhaust of said compressor, 

a reversible-valve fluid motor having an intake 
adapted to he connected to said high pressure 
reservoir, a low pressure reservoir connected to 65 
the exhaust of said fluid motor and adapted to be 
connected to the intake of said compressor, the 
combination of means automatically injecting 
fluid into the low pressure side oi the circuit in 
response to a pressure in the intake pipe of said 70 
compressor lower than a predetermined value, 
and a check valve in the compressor Intake pipe 
between the low pressure reservoir and the point 
to the pressure of which the automatic injecting 
means is responsive, said cheek valve permitting 75 
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fluid to flow only in a direction from said low 
pressure reservoir toward said point. 

3. In a closed pressure fluid transmission cir- 
cuit including a compressor, a high pressure res- 

5 ervoir connected to the exhaust of said com- 
pressor, a reversible-valve fluid motor having an 
intake adapted to be connected to said high pres- 
sure reservoir, a low pressure reservoir connected 
to the exhaust of said fluid motor and adapted to 
j 0 be connected to the intake of said compressor, the 
combination of means automatically injecting 
fluid into the intake pipe of said compressor in 
response to a pressure in the intake pipe of said 
compressor lower than a predetermined value, 
15 and a check valve in the compressor intake pipe 
between the low pressure reservoir and the point 
to the pressure of which the automatic injecting 
means is responsive, said check valve permitting 
fluid to flow only in a direction from said low 
20 pressure reservoir toward said point. 

4. In a closed pressure fluid transmission cir- 
cuit including a compressor, a high pressure res- 
ervoir connected to the exhaust of said compres- 
sor, a reversible- valve fluid motor having an in- 

25 take adapted to be connected to said high pres- 
sure reservoir, a low pressure reservoir connected 
to the exhaust of said fluid motor and adapted to 
be connected to the intake of said compressor, 


3 

the combination of a chamber in the intake pipe 
to said compressor, means automatically inject- 
ing fluid into said chamber in response to a pres- 
sure in said chamber lower than a predetermined 
value, and a check valve in said circuit between 5 
said low pressure reservoir and said chamber per- 
mitting fluid to pass from said low pressure res- 
ervoir into said chamber but not to pass in the 
reverse direction. 

5. In a closed pressure fluid transmission cir- 10 
cuit including a compressor, a high pressure res- 
ervoir connected to the exhaust of said com- 
pressor, a reversible-valve fluid motor having an 
intake adapted to be connected to said high pres- 
sure reservoir, a low pressure reservoir connected 15 
to the exhaust of said fluid motor and adapted to 
be connected to the intake of said compressor, 
the combination of means automatically inject- 
ing fluid into the low pressure side of the circuit 
in response to a pressure in the compressor Intake 20 
pipe lower than a predetermined value, and valve 
means located In said circuit between said low 
pressure reservoir and the intake pipe of said 
compressor and adapted to prevent the automatic 
injecting means from operating when fluid is ex- 23 
hausted from the low pressure reservoir by way 
of the fluid motor. 


RUSSELL M. OTIS. 
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This Invention relates to power transmission 
systems and to equipment and machinery for 
such systems. While the system of the present 
invention Is here Illustrated as applied to an oil 
well drilling rig. It Is to be understood that the 
invention is not limited thereto, the same being 
illustrative of one of the uses of this system. 

In accordance with the preferred embodiment 
of the present invention the power system em- 
ploys two main units, namely, an air compressor, 
and a compressed air engine, connected together 
by a high pressure main and a low pressure 
main. The air pressure system Is a cloeed sys- 
tem operating between a low pressure which 1) 
preferably maintained constant, and a variable 
high pressure. The high pressure Is maintained 
by an engine or other device which operates to 
deliver air to the high pressure main in such 
volume and at such pressures as the load de- 
mands. The pressure In the low pressure main 
Is preferably kept at a constant value of sever.,! 
atmospheres, by an auxiliary compressor. 

The air engine of the piesent invention t . .i 
air from a high pressure main at some pre r.\:o 
between fixed limits, which may be of the order 
of 150 pounds per square inch absolute to 600 
pounds per square Inch absolute, and exhtr.::U 
It into a low pressure main at a constant p: re- 
sure of, say, 100 pounds per square Inch absolute. 

As a result of the maintenance of an elevated 
pressure in the low pressure main the piston dis- 
placements of the air compressor and of the air 
motor may be greatly reduced. The reason for 
this Is that for a given rating of power, sp, '. 
and expansion ratio, the piston displaced - .;".'.:; 
vary inversely with the pressure in the low pr„ ;- 
sure main. For example, for absolute pressure.; 
in the low pressure main of 15 pounds per square 
inch and 100 pounds per square Inch respective- 
ly, the corresponding piston displacements bear 
a ratio to each other or 100 to 15, respectively. 

It Is one of the objects of the present Invention 
to provide a system of the above mention', 1 i 
character wherein the air engine Is located com - 
paratlvely close to the compressor to enable it to 
take advantage of the rise in temperature of the 
air as It Is compressed. In accordance with one 
of the features of the present Invention th.j en - 
gine is so designed that an Indicator dlagrm.: 
taken from any of Its cylinders when the engine 
Is operating at any load will be a close approxi- 
mation of a diagram taken simultaneously from 
tha air compressor. While the equipment Is 
operating In this manner thermo-dynamic lo;,: ; > 
will be small because nearly all of the energy 
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that Is put Into the air by the compressor, partly 
In the form of an increase In pressure and partly 
In the form of an Increase of temperature, is 
recovered in the engine. Maximum and mlnl- 
6 mum designed pressure limits can be so chosen 
that maximum temperatures can be limited. 
With an initial temperature of 60° F. and a pres- 
sure range from 100 p. s. 1. absolute to 600 p. s. 1. 
absolute the temperature range under adiabatic 
10 conditions will be from 60° F. to 410° F. With 
temperatures of this order and with insulation 
judiciously applied, radiation losses can be kept 
low. There will be little tendency for a cumu- 
lative increase in the temperature of the air. 
15 Hence water Jacketing of the cylinders is not 
required on either the compressor unit or the 
air engine unit. 

The system of the present Invention may use 
any multi-cylinder type of air compressor, the 
20 compressor being driven in any desired mvi- 
ner as, for Instance, by an intern..! combust, n 
engine or by an electric motor. The air in‘ ;• 
vnlvia of the air compressor in spring so !. 
Each air intake valve Is provided with an y.i- 
25 loading device which is pneumatically actuated 
to move the valve to its open position and to 
hold It in that position, so that reciprocation of 
the piston in that cylinder will result in no com- 
pression of the air therein, that piston merely 
30 Idling. 

When the load Is at rest the air compressor is 
Idled under control of its unloading devices. To 
start the load the unloading devices are ’ s- 
gremlvcly released, thus progressively brin -.u • 
35 tfle compressor cylinders into action and gra.ru- 
ally building up the pressure in the high pressure 
main. After the load has been started the pres- 
sure In the high pressure main is set to give the 
desired load speed. This may be done by manlp- 
40 ulation of the unloading devices and, to sous 1 
extent, if desired, by regulating the speed of 
compressor. To reduce the load spend this proc - 
ess Is reversed. During this speed cycla a gev- 
45 erno1 ' ^ au tomaticaIly at work on the compressed 
3 air engine making continuous adjustments of the 
cut-oifs of both the admission v U e.s and f : 
exii rust valves to the end that an Indicator ri 
grain token from any one of the ?.•>.. ’ ie cylln: r 
50 may duplicate as closely as possible an lndlcr.t ' . 
diagram taken simultaneously from a cylinder 
of the air compressor. 

The method of control above described is 
based upon the following principle. : 

Z3 1. The torque developed by the air engine Is 
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a direct and proportionate function of the mean 
effective pressure in its cylinders. 

2. The mean effective pressure in the air en- 
gine cylinders is a direct, but not proportionate, 
function of the pressure in the high pressure 
main. 

It follows from the above principles that there 
must be a value of pressure in the high pressure 
main that giVes a mean effective pressure in the 
cylinders of the air engine that just balances the 
torque of the load. Any pressure above this 
value will cause the air engine to accelerate the 
load. Any pressure below this value will cause 
a load, such as a suspended weight, to drive the 
engine backward and thereby make the air en- 
gine iunction as an air compressor to brake the 
load. It is one of the objects of the present 
invention to provide a system wherein the mean 
effective pressure in the engine cylinders may be 
varied at will in order to make the air motor 
function in different manners as may be re- 
quired for different operating conditions. 

During the drilling of a deep oil well it is de- 
sirable that the weight or pressure exerted by the 
drill against the bottom of the hole in the ground 
formed thereby shall be maintained substantially 
constant. As the depth of the hole increases dur- 
ing drilling operations, the weight of the length 
of the drill pipe from the bottom of the hole 
to the top of the well increases. It is necessary 
that this increased weight shall not exert all 
of its pressure on the drill bit at the bottom of 
the hole. It is one of the objects of the present 
invention to provide a system wherein the com- 
pressed air engine that is used to furnish the 
power for raising or lowering the drill pipe may 
be used also, during the drilling operations, to 
hold a predetermined value of weight on the 
drill bit. During drilling, the air engine is set to 
exert a force tending to raise the string of pipe 
leading to the drill bit, but the air pressure is 
maintained at a value below that necessary to 
cause the engine to raise the pipe. If the torque 
exerted by the engine is maintained at a constant 
value it will allow a predetermined value of 
weight to be exerted on the drill bit. As the depth 
of the hole is appreciably increased, the pres- 
sure in the high pressure main is adjusted to a 
new value again to maintain a predetermined 
value of weight on the drill bit. 

It is a further object of the present invention 
to provide an automatic mechanism for main- 
taining the pressure in the high pressure main it 
a predetermined set value during the drilling op- 
erations. It is a still further object of the pres- 
ent invention to provide such a mechanism which 
may be readily and quickly adjusted for main- 
taining different fixed values of pressure In the 
high pressure main, as may become necessary 
by the increase ui length of the drill pipe during 
the drilling operation. It is a still further ob- 
ject of the present invention to provide a deep 
well drilling system with a device lor indicating 
the amount of pull exerted by the engine on the 
travelling block that supports the drill pipe. 

In accordance with one of the principles of 
the present invention the device for governing 
the air pressure in the high pressure main for 
maintaining a substantially constant weight on 
the drill bit is in the form of a relay which re- 
sponds to the pressure in the high pressure main 
and builds up that pressure by releasing the un- 
loading device on one or more cylinders of the air 
compressor when the pressure in the high pres- 
sure main is too low. On the other hand, should 
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the pressure in the high pressure main become 
too high the relay will shunt part of the air from 
the high pressure main into the low pressure 
main. 

It is a still further object of the present inven- 
tion to provide a power system with a controller 
so arranged that an air engine which drives the 
load may be used to brake the load in either 
- direction of travel. While braking, the engine 
in functions as an air compressor taking air from 
the low pressure main and discharging it into 
the high pressure main. It is another object of 
the present invention to provide a controller 
which not only controls the speed of operation 
of the engine but also controls the braking effort, 
regulating it to any desired value and for any 
speed within the designed limits. 

When the engine is delivering power, the ex- 
haust valve must open at the end of the power 
o„ stroke and remain open during the major part 
of the subsequent return or exhaust stroke Prior 
to the completion of that return stroke, the ex- 
haust valve must close so that the air remaining 
in the cylinder is compressed to a pressure equal 
2.-, to that of the high pressure main, at which time 
the inlet valve is to open. An examination of 
adiabatic compression curves of air shows that 
because of the steepness of the slope of the curve 
it Is impractical to make a mechanical valve set- 
pej ting close enough to effect opening of the inlet 
valve within the limits that appear desirable. 
To solve this problem, and for additional reasons, 
the engine is provided with two sets of inlet 
valves. One set is of the mushroom type, me- 
chanically operated. The other set is of an auto- 
matically operated type that is spring closed when 
the pressure in the engine cylinder is beiow that 
of the high pressure main, and automatically 
opened by reversal of air pressure. This assures 
> an opening of the high pressure air inlet valve at 
exactly the right time in the operation of :he 
engine. The exhaust or outlet of each cyiinhar 
of the engine is also provided with an automatic 
valve which is spring closed and automatically 
45 opens when the pressure within the cylinder drops 
below that in the low pressure main, and with 
another valve also spring seated but mechanic ; i':y 
opened for also controlling communication be- 
tween the engine cylinder and the low pressure 
50 main. With this combination of valves, settings 
of the mechanically operated valves are so made 
that when the engine is hoisting, or driving . 
load, as the piston approaches the end of e . b; 
stroke, either outwardly or inwardly, events ■.hi! 
55 take plane in the following sequence: 

1. The automatic valve opens as soon as the 
pressure within the cylinder equals the pressure 
in the corresponding air main, and before the 
operation of the corresponding mechanical vai ’ 

00 'this immediately e juallzes the pressure on op- 
posite faces of the corresponding mechanically 
operated valve. 

2. The mechanically operated valve then opens. 

3. The automatic valve then immediately closes 
05 but communication with the corresponding p-ort 

is maintained by the mechr.nical valve and until 
the mechanical valve closes. 

The mechanically operated admission vaivts 
and exhaust valves are operated by separate ce- 
70 centrics. The governing action is obtained by- 
moving the center of the eccentric with respect 
to the center of the operating shaft in a straight 
line at right angles to the crank, thus altering the 
eccentricity but keeping the lead constant. It 
75 one of the object?, os the present invention to pre- 
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vide an Improved mounting for the eccentric on 
the drive shaft so that the eccentric centei may 
be moved In a straight line. This Is accom- 
plished by mounting the eccentric ring on the 
shaft by means of a linkage which permits move- 
ment of the center of the eccentric ring with re- 
spect to tne center of the shaft only in a straight 
line, and by providing a cam for effecting that 
movement. Ordinarily the cam and the eccen- 
tric ring move together with the drive shaft so 
that during the ordinary operation of the engine 
there Is no relative movement between the eccen- 
tric ring and the cam. To shift the center of 
the eccentric ring with respect to the center of 
the shaft, the cam and the drive shaft are turned 
with respect to one another. 

It is a still further object of the present inven- 
tion to provide a mechanism for effecting rela- 
tive motion between the eccentric ring and the 
cam that shifts the position of the eccentric ring 
with respect to the drive shaft while the drive 
shaft and the eccentric rings are in motion. It 
Is another object of the present Invention to pro- 
vide a governor for governing the position of the 
center of the eccentric with respect to the drive 
shaft. The governor Is actuated by pressure In 
the high pressure main and thus regulates the 
position of the center of the eccentric ring In 
accordance with changes In pressure In the high 
pressure main to malni^in the action of the 
valves such that the expansion of the air In the 
air engine during the power stroke will be such 
that the pressure In the cylinder reaches Its min- 
imum value equal to the pressure In the low pres- 
sure main as the piston reaches the end cf Its 
power stroke. 

It Is a still further object of the present In- 
vention to provide a governing device of the above 
mentioned character which may be combined 
with a reversing device to set the engine valves 
for operation In either direction. 

As the engine torque Is Increased, increments 
of air pressure Increase at a faster rate than 
corresponding Increments of torque. Compen- 
sation for this disproportion can be made In ac- 
cordance with the present Invention by Incor- 
porating in the governor design, a spring so pro- 
portioned that It "Rill develop progressively In- 
creasing increments of counter-pressure, at the 
rate required to supply the proper degree of com- 
pensation. 

It is a still further object of the present inven- 
tion to provide a controller which can act throu~h 
the reversing and governing mechanism to fir: the 
direction of rotation of the air engine and which 
will also control the operation of the unloading 
devices on the air compressor in proper sequence 
and in such manner as to obtain the desired 
torque and speed from the engine: to change the 
function o. the engine from motoring to braking; 
and to control the magnitude of the braking 
torque and hence the speed of the engine. It Is a 
still further object of the present Invention to 
provide a controller wherein the control of all of 
these functions Is centered In a single operating 
lever, the position of which determines the func- 
tion to be performed, and which may be moved 
to its various positions either by hand or by foot. 

It is a further object of the present invention 
to provide an electropneumatic power system ar- 
ranged to afford regenerative braking. The high 
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engines Is connected to operate the load whereas 
thf other engine is connected to be driven by (or 
dr'"e during braking) a constant speed alternat- 
ing current motor. While the load Is being 
5 driven the alternating current motor driven 
pneumatic unit operates as a compressor furnish- 
ing air to the other unit operating as a motor. 
During braking the functions of the two units 
are reversed so that the one connected to the 
10 alternating current motor drives the motor to 
feed energy back into the line. The electric 
driven unit is provided with pneumatically con- 
trolled unloading devices which are controlled by 
the manual controller to vary the output of the 
15 unit and thus vary the pressure in the high pres- 
sure main. 

The attainment of the above and further ob- 
jects of the present Invention will be apparent 
from the following specification f aken in ccn- 
20 junction with the accompanying drawings form- 
ing a part thereof. 

In the drawings: 

figure 1 Is a diagrammatic view of a power 
system embody;-); the principles of the present 
invention; 

Figure 2 is a cross section through the corn- 
pressed air engine of Figure 1. said view being 
taken along the line 2 — 2 of Figure 6; 

Figure 3 is a view of a portion of the eccentric 
:to and valve rod structure of Figure 2 and showing 
parts of the valve rods that are omitted from 
Figure 2. said view being taken along the line 
3 — 3 of Figure C ; 

Figure 4 is a sectional view of the engine, said 
view being taken along the line 4 — 4 of Figure 2; 

Figure 5 is a top view of a part of the com- 
pressed air engine of Figure 1, said view being 
taken along the line 5—5 of Figure 2 and looking 
In the direction of the arrows; 

•" Figure C l.s a sectional view taken along 
line 5 — 5 of Figure 2 and looking in the direction 
of the arrows; 

Figure ? show , adiabatic curves for air com- 
pression and expansion in the cylinders of the 
engine of Figure 2; 

Figure 8 is a plan view of the valve operating 
eccentrics and of the actuating mechanism there- 
for. shown partially in section, said view being 
taken along the line 8—8 of Figure 2, with the 
cam operating rods omitted ; 

Figure 9 is a side elevation-, In partial section, of 
the structure of Figure 8, said view being taken 
along the line 3 — 2 of Figure 8 ; 

Figure 10 is a sectional view taken along the 
’ line 10 — 10 of Figure 9 and looking in tire direc- 
tion of tire a vow s ; 

Figure 11 is a sectional view taken along the 
line 1 1 — 1 1 of Figure 8 and looking in tire direc- 
tion of the arrows ; 

1,0 Figure 12 is a side c-levatlonal view of the 
eccentric rings, and the ring supports that are 
keyed to the main shaft; 

Figure 13 is a side elevational view of the cams 
for adjusting the eccentric rings, and of tire 
structure associated with the cams lor securing 
the earns together ; 

Figure 14 is a sectional view taken along the 
line 14 — 15 of Figure In and showing the low 
70 pressure valve rod eccentric ring and the means 
for mounting the same; 


pressure sides of two engines are connected to- 
gether by the high pressure main and the low 
pressure sides of the engines are connected to- 
gether by thj low prsssuro main. Gnu of the 


Figure 15 is a sectional view taken along the 
line 15 — 15 of Figure 12 and showing the high 
pressure valve rod eccentric ring and the manner 
7.» o/ mounting the sa.ns; 
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Figure 16 Is » sectional view taken along the 
line (6 — II o f Figure 13 and showing the cam lor 
adjusting the low pr es sure valve rod eccentric 
ring; 

Figure 17 is a sectional view taken along the s 
line 1 7 — 17 of Figure 13 and showing the cam for 
adjusting the high pressure valve rod eccentric 
ring; 

Figure 18 is an enlarged view taken along the 
line II — 18 of Figure 11 and showing alternate 10 
positions of the high pressure valve rod eccen- 
tric ring and the cam for adjusting it; 

Figure 10 1s an enlarged view taken along the 
line 19 — II of Figure 11 and showing, In dotted 
lines, un alternate position of the low pressure 15 
valve of the eccentric ring and the cam for ad- 
justing It; 

Figure 20 Is a view taken along the line 10 — SO 
of Figure 8 and looking In the direction of the 
arrows; 80 

Figure 21 is an enlarged view of the reversing 
cylinder, governing cylinder and governing spring 
of Figure 20 ; 

Figure 22 Is a view of a portion of Figure 21 
and showing the reversing cylinder in an alter- 25 
nate position ; 

Figure 23 is a sectional view taken along the 
line 23 — 23 of Figure 21 ; 

Figure 24 Is a valve diagram for the compressed 
air engine of the present invention; 30 

Figure 25 is an enlarged and more complete 
view of a portion of the valve diagram of Figure 
24; 

Figure 26 is a plan view of the controller for 
the system of Figure 1, the pilot valve for the re- 35 
versing mechanism being omitted, said view being 
taken along the line 21 — 28 of Figure 27; 

Figure 27 is a front view of the oantroller of 
Figure 26, with the reversing pilot valve shown in 
section; 40 

Figure 23 is a top view of the reversing r : ’ i 
valve, said view being taken along the line 23— -3 
of Figure 27 ; 

Figure 29 is a sectional view taken along the 
line 29 — 29 of Figure 30; <5 

Figure 30 is an end view of the controller, with 
the brake control cylinder shown in section, s-nid 
view being taken along the line >0 — 39 of Figure 
26 and looking in the direction of the arrows; 

Figure 31 is a sectional view taken along the 6t) 
line 31 — 31 of Figure 26 and looking in the direc- 
tion of the arrows; 

Figure 32 1s a top view of the slotted guide 
plate for guiding the operating lever, said view 
being taken along the line 32 — 32 of Figure S); 

Figure 33 is a sequence diagram for the cam 
operation of the controller of Figure 26; 

Figure 34 is a diagrammatic view illustrating 
the system of the present invention as applied to 
the draw works of an oil well drilling system ; 

Figure 35 Is an enlarged front vie j of the tlri.i 
bit weighing apparatus of Figure 34; 

Figure 36 is an end view of the apparatus of 
Figure 35; 

Figure 37 Is a section taken along the live 
37—37 of Figure 35: 

Figure 38 1s a sectional view tijough a relay for 
holding a predetermined trains of weight on the 

drill bit In a deep well drilling apparatus; TC 

Figure 39 is an end view of the relay of Figure 
38; 

Figure 40 Is a diasfamt.aa.tle view of a modified 
form of power system cap ibis of regenerative 

braking ; 
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Figure 41 Is a fragmentary view corresponding 
to Figure 5 and showing the location of the pneu- 
matically controlled valves on one of the power 
unit* of Figure 40 ; 

Figure 42 is a sectional view taken along the 
line *2 — 42 of Figure 41 and looking in the direc- 
tion of the arrows ; and 

Figure 43 is a sectional view taken along the 
line 41 — 43 of Figure 41 and looking in the direc- 
tion of the arrows. 

Throughout the various figures of the draw- 
ings like reference numerals designate like parts. 

The power system is indicated in general in 
Figure 1, to which reference may be had. The 
system Includes an air compressor unit I which 
may be of any desired construction, but in this 
Instance consists of eight separate air com- 
pressor cylinders 2, each of a separate unit, said 
eight cylinders being driven in any desired man- 
ner as, for instance, by a motor or internal com- 
bustion engine. 3 Ordinarily they are driven at 
a constant speed, and the outputs of the respec- 
tive compressor cyiinders 2 are. controlled by un- 
loader valves. The internal combustion engine 
Includes a fly wheel 5 and a drive shaft 6. The 
compressor cylinders receive air from a low pres- 
sure main 7 and deliver air to a high pressure 
main 8. The pressure in the low pressure mam 
Is maintained at a constant value, preferably 
of several atmospheres, say, 100 pounds per 
square inch absolute, by an auxiliary air com- 
pressor i J driven by the drive shaft 6. The com- 
pressor II takes air from the atmosphere and de- 
livers it to the low pressure main 7 whenever the 
pressure therein drops beiovv a predetermined 
value. Suitable automatic control devices, 
known in tire art, are provided for controlling 
the output of the auxiliary air compressor 10 to 
maintain the pressure in die luv pressure main 
at it* predetermined constant value. As pre- 
viously stated, the compressor cylinders 2 receive 
air from the low pressure main and compress it 
and deliver it to the high pressure mam. ,.\vj 
one or more of the compressor cylinders 2 may 
be disabled by pneumatically controlling an un- 
loading device 12 which maintains trie air iuVt 
valve to that compressor cylinder permanently 
open as long as the unloading device is actuuicu. 
Each unloading device 12 may be of any pre- 
ferred design, one suitable design being siiown 
and described in Marks’ Mechanical Engineers 
Handbook, third edition, page 1373, to which ref- 
erence may be had. The discharge valves of ihc 
compressor are spring seated and may be of Any 
preferred design, suitable designs being illus- 
trated and described in the same handbook on 
page 1866. A safety valve <3, normally closed, 
interconnects the high pressure and low pressure 
mains, and opens to interconnect those maims 11 
the pressure in the high pressure mams becomes 
excessive. 

While the load is at rest the air compressor 
idles under control of its unloading devices 12 
which are controlled by a controller 15. The con- 
nections between the controller 15 and the air 
cor: sr-usor. for controlling the unloading ' e - 
vices, arc made of flexible metal tubing IG which, 
for easy handling, can be grouped into a single 
cable rvlth multiple plug-in devices II — 17 at 
both ends. The controller 12 may be manually 
operated to actuate any number of unloading de- 
vices 12, to disable the corresponding compressor 
cyiladsTS 2, and thus reduce the output cf the 
dranja'arsor, as will be more fully described here- 
r'nxTe.'. 1 1 ill -cf th; urdrtadiny devices are dofca- 
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ated, the compressor idles. The controller 15 
also controls a reversing device on the air engine, 
to be more fully described as this description 
proceeds. 

A compressed air engine Is indicated at 20. 5 
The engine receives air from the high pressure 
main 8 , expands it to the pressure of the air In 
the low pressure main 7, and discharges into the 
low pressure main. In this instance the engine 
Is shown as driving a load Indicated at 21. A !<i 
governing and reversing device 22 controls the ec- 
centric cams that operate air intake and air out- 
let valves of the compressed air engine. The 
governing and reversing device 22 is pneu- 
matically controlled by the controller 15 through 1 5 
a forward air tube 22 and a reversing air tube 24. 

While any standard type of steam engine can 
be designed to operate on compressed air and 
therefore any type of compressed air engine may 
be used in the system of Figure 1, the service for ._>o 
which the engine Is to be used will usually favor 
some one particular type of engine. The engine 
that appears to be best adapted to the draw works 
of an oil well drilling rig Is of the radial type. A 
description of one such suitable engine will ba 
given, for which reference may be had to Ftgurs3 
2 to 6 inclusive. The engine 20, Illustrated more 
fully in Figures 2 to 6, Is a fourteen cylinder 
engine having two rows of seven cylinders each, 
radially arranged, and a crank shaft with two 
throws 180° apart. One row of seven radial).;’ 
arranged cylinders is indicated at 33. Tha 
second row of seven radially arranged cylinders 
is Indicated at 31 . A power crank shaft 31 had 
two crank throws 34 — 35, 180“ apart. 'Die two 
crank throws are connected to the respective pis- 
tons 36 in any desired manner, as shown for In- 
stance In Figures 2 and 4. A connecting rod 37 is 
pivotally connected to one of the platens 31 and 
has a crank head 38 consisting of two split {•arts :u 
bolted together and embracing a bearing on the 
crank. The remaining connecting rods 39 of the 
set of cylinders 31 are pivoted to the respective 
pistons and to the crank head 38 . 

Each cylinder 31 has a cylinder head 53 there- 
on which is divided Into a high pressure valve 
chest or head 4 1 and a low pressure valve chest 
or head 42. The heads on each of the fourteen 
cylinders are of Identical construction. Each of 
the fourteen high pressure valve heads Is con- : 'U 
nected by a separate high pressure conduit 11 h:i 
a high pressure header 44, and each of the four- 
teen low pressure valve heads is connec t'd by 
low pressure conduit 45 to a low pressure hea ier 
46. The headers 44 and 46 are conn ted r-..— •'>:> 
spectively to the high pressure main 8 and the 
low pressure main 7. 

It is desired that the valve action of the air 
engine shall be such that an Indicator diagram 
taken on any cylinder thereof will cl. wly ay- r,q 
proximate an Indicator diagram take; on w.y 
one of the compressor cylinders. While the 
compressed air engine is driving the load the 
length of cut-off of the admission valve should 
be so controlled that at the end of the paver 
stroke the pressure In the cylinder w .: claroly 
approximate the pressure in the low prats u re 
main. Also, the point of closure of the exhaust 
valve should be so controlled that at the end of 
the reverse stroke the pressure in the clearance 711 
space will closely approximate the pressure in the 
high pressure main. Figure 7 shows adiabatic 
expansion and compression curves for vir be- 
tween a low pressure of 100 pounds p,_- .qs : s; 
Inch absolute and a high pressure of !):.j pounds 7 5 


per square inch absolute. Assume that the en- 
gine is to open ,e at COO pounds per square inch. 
Air should therefore be admitted to the cylinder 
at COO pounds per square Inch until the piston 
has travelled 2-1.2% of its stroke. This value 
Is obtained from the curve 50 of Figure 7 at GOO 
pounds per square inch absolute. At that point 
in the stroke of the pi-ton the admission valve 
must close, and thereafter the air in the cylinder 
Is expanded along the curve 50 until the piston 
reaches the end of its stroke, at which time the 
pressure in the cylinder will be 100 pounds per 
square inch absolute. The exhaust valve must 
then open and remain open until the piston has 
returned 87% of its stroke, whereupon the ex- 
haust valve closes. For the remainder of the 
stroke compression of the air remaining in the 
cylinder takes place. Tills compression takes 
place along a curve such as indicated at 51. and 
continues until a value of 600 pounds per square 
inch absolute is reached, whereupon the admis- 
sion valve again opens. 

Because of the steepness of the curve 5 1 at 
the higher values of pressure, which becomes al- 
most vertical at 600 pounds pressure, it will be 
impractical to make mechanically operated valve 
settings close enough to bring the pressure In 
the cylinder within the limits that appear de- 
sirable at the time a mechanical valve is to open. 
To solve tills problem, and for additional reasons 
that will appear as this specification proceeds, 
each cylinder is equipped with two sets of ad- 
mission valves and two sets of exhaust valves. 
One admission and one exhaust valve of each 
cylinder is of the mechanically operated, mush- 
room type. The other exhaust valve and the 
other admission valve arc of the type that are 
automatically operated by reversals of air pi- -.- 
sure. With this combination of valves, scttlur? 
of the mechanically operated valves should 
made so that while the engine is driving the load, 
the automatic valve ope;., first and then the me- 
chanical valve opens. 

An explanation will now be given of the valve 
action whereby the above results are obtained. 
The low pressure valve head 42 is illustrate.; 
more fully at the top of Figure 2. The low pres- 
sure valve head 42 of the cylinder 31 Includes a 
mushroom type mechanically operatid valve 56 
which is urged to its closed position by a spring 
57 and when opened establishes communleat'.. 
between the low pressure conduit 45 and ti. 1 
cylinder 3!. through the valve. A second vah 
53, of the automatic type, is operated by reversal; 
of air pressure and may l v of a specific construc- 
tion such as shown, for instance, in Marks’ 
Mechanical Engineers Handbook, third edit’eu. 
page 1866 . It is sufficient here to state that th ... 
valve is maintained closed by a light spring and 
opens whenever the pressure in tire cylinder 
drops a trifle below the pressure in the low pres- 
sure main 45 . The high pressure valve head ci 
the cylinder 31 is of the same construction as 
the hivh pressure valve head of the cylinder 37. 
illustrated In section at the bottom of Figure ... 
and includes a mushroom type mechanically ac- 
tuated valve 53' which is maintained closed ; 
a spring, and an automatic valve 35' similar i; 
the valve 58. which is normally closed and Is ar- 
ranged to be automatically opened when and if 
the pressure in the cylinder 30 slightly exceeds 
tlie pressure in the high pressure header 44 , to 
which the high pressure valve hear! 41 is con- 
nected. With this cornbin .tion nf valves, setting ; 
of the mechanically oper .ted valves should be 
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made such that when the engine Is driving the 
load, as the piston approaches the end of Its 
power stroke, events wlfl take place In the fol- 
lowing order: The pressure within the cylinder 
31 approaches and then equals the pressure In 
the low pressure air main. The automatic valve 
88 thereupon opens and thus continues to equal- 
ize the pressure on opposite faces of the me- 
chanical valve 58. An instant later the mechani- 
cally operated valve 88 opens so that the re- 
closure of the automatic valve 58 Is or no effect. 
It thus follows that at the time of operation of 
the mechanical valve M the pressures on oppo- 
site faces of the mechanical valve are Identical. 
The mechanical valve Is maintained open until 
the piston has made a predetermined fraction 
of Its return stroke, whereupon the mechanical 
valve closes and compression of the air In the 
cylinder 31 takes place. During compression the 
pressure on the mechanical valve 58 assists in 
holding that valve closed. The compression 
continues until the pressure within the cylinder 
equals the pressure In the high pressure main 
8 , whereupon the automatic high pressure valve 
58' opens thereby continuing to equalize the 
pressure on opposite faces of the mechanically 
operated intake valve 58'. A moment after the 
opening of the automatic valve 58', the exact 
time Interval being unimportant, the valve 58' 
opens to continue to admit air from the high 
pressure header 44 into the cylinder, even after 
the automatic valve 58' recloses. The intake of 
high pressure air into the cylinder thus continues 
entirely under the control of the mechanically 
operated valve 88 '. The piston Is then making 
Its power stroke. When the piston reaches a 
predetermined position, determined by the set- 
ting of the governor as hereinafter explain 1. 
the mechanical admission valve 53' closes, ,1 
the piston continues Its power stroke under the 
force of the expanding air In the cylinder. The 
point of cut-off of the mechanically operated 
admission valve Is so correlated to the pressure 
In the high pressure main that at the time of 
closure of that valve the amount of air in the 
cylinder will be such as to be expanded to ex- 
actly the pressure In the low pressure main when 
the piston reaches the end of its power stroke. 

An eicplanatlon of the mechanism for operating 
the valves 56 — 58' will now be given. All mechan- 
ically operated exhaust valves 53 are operate * : j 
a single eccentric 78 on the shaft 33. All me- 
chanically operated admission valves 58' are oper- 
ated by another eccentric 71 on the same aha*t. 
The motion set up by the eccentric Is carried to 
each valve stem through a radial rod. This Is 
Illustrated In Figures 2. 3 and 6. In Figure 6 the 
eccentric ring of the eccentric 71 is shown at 77. 
The center of this eccentric ring Is Indicated at 
73 whereas the center of the crank shaft 3,1 
Indicated at 74, the distance between the centa* ; 
73 and 74 being the eccentricity of the eccentric. 
A split ring 75 fits over the eccentric ring 72, 
said eccentric ring rolling In said split ring 71 
The split ring 73 has one valve rod 7® rigid vit T 
half of the ring. A pair of arcuate plates form- 
ing a split ring 73' extend over one face of the 
ring 75 and the eccentric ring 72. A similar pair 
of arcuate plates forming a secord split ring ex- 
tend over the opposite face of the ring 75 and 
the eccentric ring 72. The plates 75'— 73’ are 
bolted together and to the split ring 73 and thus 
secure the two halves of the split ring 73 together 
and keep the split ring 77 from sliding axially 
off of the eccentric ring 72. Valve rods 73 are 
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pinned at one end between the ring plates 75' — 75' 
b / pivot pins 77. 

The Inlet valve rod 78 of Figure 2 has a cam 
surface 78 and a reduced width portion 78. Tnat 
5 valve rod extends between a pair of arms 86 — 80 
of a bracket secured to the high pressure valve 
head 41. and Is guided between a roller 81 car- 
ried by the arms 80 and a second roller 82 on a 
rocker arm 83. The rocker arm 83 Is pivoted to 
10 the bracket arms 81 about a pivot 84. The mo- 
tioa of the valve rod 78 guides the rocker arm 
83 which through a push rod 85 opens the me- 
chanically operated admission valve 58' against 
the action of a closing spring 57'. The principal 
15 function of the rocker arm Is to step -p the mo- 
tion imparted by the eccentric rod 78 at the cam 
surface 78 thereof. In Figure 2 the rocker arm 
81 ha* a one to two step up so that the push rod 
85 moves twice as far as the motion of the roller 
20 83 of the rocker arm 83. 

With the cylinders arranged In two rows, as 
illustrated In Figure 2, alternate valve rods 76 
that are actuated by the eccentric 7 1 operate the 
mechanically operated admission valves of the 
25 row of cylinders 30 and the Intervening alternate 
valve tods 76 that are actuated by the same ec- 
centric 7 1 operate the mechanical admission 
valves of the cylinders 3). Those valve rods 76 
which operate the admission valves of the cylin- 
:io ders 38 are effective through the cam surfaces 
78 to open the valves upon radial outward move- 
ment of the valve rods, as Illustrated in Figure 2, 
The Intervening rods 76, namely, those that oper- 
ate the mechanical admission valves of the cylin- 
ders 31, are effective to open the valves upon 
radial Inward movement of the valve rods, as 
illustrated In Figure 3 To accomplish this, the 
valve rods which operate the admission valves of 
tho cylinders ill are each provide,! with a cam 
•»» surface 23 (Fig. 3) that actuates a rocker r.rm 
83' mounted on a bracket S3’ that is secured to 
the high pressure valve head 41 of the cylinder 
31, as illustrated In Figure 5, Upon radial in- 
ward movement of the valve rod the- '-am surface 
15 88 Is effective to c-pen the valve by pushing too 
valve rod 85’ to the left. In the position Ulus 
tinted In Figures 2 and 3 the eccentric 71 is in 
its uppermost position so that upon turning of 
the eccentric, the rod 78 of Figure 2 is moved 
50 downwardly and the rod 78 of Figure 3 is also 
moved downv/ardly. Thug the valve reds which, 
control the admission valves of the cylinders I. : 
operate alternixlely with the valve rods that con- 
trol the admission valves of the cylinders 31. The 
55 respective valve rods are arranged so that an 
outward movement of a rod to open an admission 
valve of a cylinder 30 is followed by an Inwaru 
movement of another rod almost 18C 3 away to 
operate a vulva of a cylinder 31 that is located 
60 nearly 180* away from the cylinder whose valve 
was last operated. 

The mechanically operated exhaust valves of 
the two rows of cylinders are operated by the 
eccentric 73 through valve rods similar to the rod 
65 73. To that effect alternate valve rods actuated 
by tho eccentric 73 open the inechanica’ly op- 
erated exhaust valves of the cylinder 33 by a radi- 
al outward movement, as may be seen from Fig- 
ure 3, whereas the intervening alternate valve 
70 rods actuated by the eccentric 70 open the ex- 
haust valves of the cylinders 31 b 3 ’ a radial in- 
ward movement, as may be seen from Figure 2 . 
The arrangements of the valve rods are such that 
the exhaust valve of one cylinder 33 is m.schani- 
75 cally opened followed by the opening of an ex- 
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haust valve of a cylinder Jl almost 180“ distant nUn may be the proportions illustrated in my 
therefrom. The eccentric and valve rod struc- Paten’ No. 2,198,635, Issued April 30, 1940, to 
ture for actuating the exhaust valves are similar which reference may be had. 
to the corresponding structure for actuating the In Figures 14 and 19 the center of the shaft 33 

admission valves, as above described, differing 5 Is Indicated at 74. The center of the eccentric 
therefrom essentially In that the shapes of the ring 101 Is Indicated at 110. If the links 106 — 106 

adjusting cams, to be presently described, for are tilted with respect to the collars IC3 — 104 

adjusting the eccentricities of the eccentric rings, upon which the links are mounted, the point 1 13 
are different because the required exhaust cut-off will move In a straight line the locus of which Is 
is different from the required admission cut-off, 10 Indicated by the line 112. Thus as the center 
is will be pointed out In a discussion of the valve point 1 10 Is caused to move along the line 1 12 

diagram as this description proceeds. the distance between the center point 110 and 

The speed of the engine Is varied, as previously the center 74 of the shaft 33 changes, thus chang- 
stated, by varying the rate of air input Into the lng the eccentricity of the eccentric ring 1 0 1 . 
high pressure main. In a manner to be more fully 13 The eccentric ring 72 Is supported on the shaft 
set forth as this description proceeds. The pres- in much the same manner as Is the eccentric 
sure in the high pressure main varies with vari- ring 101, as is illustrated In Figures 12, 15 and 
ations In torque but not In direct proportion 18. The eccentric ring 72 is supported by four 

thereto. In order that an Indicator diagram of identical links IIS. two of which are pivoted at 

a cylinder of the engine shall follow as closely 20 one end to the collar 104 and the other two of 
as possible a diagram taken simultaneously from which are pivoted at one end to a collar 1 16 sim- 
a cyllndenof the compressor it Is necessary that liar to the collar 104 and likewise keyed to the 
the point of admission and cut-off of the air sleeve 105. The links 1 1 5 are pivoted to the collar 
be changed as the pressure of the high pressure 116 by pivot pins 111 — 117 and pivotally support 
main 8 is changed. This result is obtained by 25 the eccentric ring 72 by pivot pins 118. In the 
moving the centers of the eccentrics 70 and 71 case of the eccentric ring 72 the proportions of 

in a straight line at right angles to the crank the links 115 — 115, the distance between the 

shaft, thus altering both the eccentricity and the pivots 118 — 118 and the distance between the 

cut-off but keeping the lead constant. pivots 117 — 117 are such that a point 73 on the 

An explanation will now be given of the means 30 perpendicular bisector of a line between the cen- 
for moving the center of the eccentric. For this ters 118 — 118 moves on a straight line as the 

purpose reference should be had first to Figures links are pivoted about their pivots 117 — 1 ) 7 . 

8 through 19 showing the manner of mounting The proportions are such that the point 73 coin- 

the eccentric upon the crank shaft 33. In those cldej with the center of the eccentric ring 71:. 

figures the valve rod operating heads and asso- 35 The locus of the point 73 Is indicated by the line 

elated parts surrounding the rings of the eccen- 120. It Is to be noted that as the center 73 of 

irlcs 70 and 71 nave been omitted. The eccentric the eccentric ring 72 Is shifted by tilting of the 

70 that controls the mechanically operated low Uni:.: 115, Its distance from the center 74 in- 

pressure valves Includes an eccentric ring I SI creases, thus increasing the eccentricity of 

similar to the eccentric ring 72 cf the eccentric ' i0 eccentric. 

71. The two eccentrics are mounted on a sleeve A low pressure cam 125 Is loosely mounted on 

105 that Is keyed to the shaft 33. The sleeve 105 the sleeve 105 and is located within the eccentric 

Is a length of tubing on which the eccentrics are ring 101. A high pressure cam 126 Is also loo. e- 

assembled, which tubing and assembly may then ly mounted on the sleeve 105 and Is located vvith- 

be slipped on the end of the shaft 33. The ec- 45 In the cam ring 72. The cams 125 and 126 ..e 
centric ring 10 1 Is supported on the sleeve 1 05 In rigidly connected together to move In unison. F or 

the following manner: A pair of similar collars this purpose the cam 125 has. Integrally formed 

103 — 104 are keyed to the sleeve 105 on opposite therewith, a projecting lug 128 which extends Into 
sides of the eccentric ring 101. The collars 103— . and Is bolted to a ring 129 (Figs. 13 and 14) by 
104 have Integral ears extending therefrom, as M a prir of bolts 130 — 130. The ring 129 loc v 

may be seen from Figures 14 and 15. A pair of surrounds the collar 104 that is keyed to ■. •: 

identical links 196 — i06 are pivoted to the coil r slee "a 105. The cam I2S has a projection ‘ 

104 about* pivot pins 107 — 107 and a similar pair integral therewith which also extends into 5 ad 
of links are similarly pivoted to the collar 107 . __ is belted to the ring 129, as by bolts 135—1.’::. 
At their opposite ends the links are pivoted to ^ The cam 126 has an additional projection 137 
and support the eccentric ring 101 by pivots 108. which Is bolted at 138 to a projection 139 on an 

The links 106 are of equal lengths, approximately arm that extends from a sleeve 140 loose on Eh.- 

equal to the r >dius from either pivot 108 to the sleeve 105. A spur gear 141 is keyed to the sleeve- 

center MO of the eccentric ring 101. The db- KS. Another spur gear 142 is keyed to the 

tance between the pivots 107 — 107 Is approxl- site" a 105. By turning the spur gears 141 and 

mately twice the distance between the centers cf H2 with respect to one another, thus turning the 

the pivots 108 — 103. The distance between the sleeve 140 with respect to the sleeve 105 the earns 

pivots 107 — 107, and between the pivots 103 — 125- 126 are moved In unison with respect o 

108, and the lengths of the links 106—105 arc the eccentric rings 101 and 72 respectively, 

so proportioned that a point on the perpendicular ’• The eccentric ring 101 has a pair of roller can-, 
bisector of a line joining the centers of the pivots follo wers I4S — 143. as Illustrated in Figures 1' 

108 — 108 moves in approximately a straight line. and 19. These cam followers ride along the cam 

This point is the center MO of the eccentric ring surfaces 146—146 of the cam 125. Likewise the 

101. This is a well known type of straight line eccentric ring 72 has a pair of roller cam foilow- 

moulon linkage known as the Ftoberts’s straight- ers 148 — 148 that ride on the cam surfaces 149 — 

line motion, and is described cn page 39 of a book 148 of the cam 123. Ordinarily the sleeve M 

entitled, “Experimental Mechanics,’’ by A. Fred- of tbe unitary structure of Figure 13 rotates in 

erick Collins, puenshed 1931 by D. Appleton unl r -a with the sleeve 195 of the unitary strut: - 

Co, If desired the straight line motion mecha- 73 ture of Figure 11. Hence there Is no relative 
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rotation between the roller cam followers 141 — 147 are rotated at the same angular speeds 

145 and their cam 111, and no relative rotation when the third rotary e iment of the diSeren- 

between the roller cam followers 1 48 and their tlal remains stationary. 

cam 111. Thus during the time when the engine Reference may now be had to Figures 8, 9 and 

speed Is not being regulated the centers of the 5 10 for an explanation of the action of the dlf- 
eccen tries 71 and III rotate about the center 74 ferential gear 151. The differential Includes a 

of the abaft, with an eccentricity determined by shaft IS! journalled in suitable bearings in a 

the setting of the two cams 111 — 111. casing 153. A spider 154 Is rotatably mounted 

The settings of the two cams 115—125 may be on the shaft 152 and includes four stud shafts 

changed simultaneously by turning the sleeve 10 155 spaced 90“ apart and each carrying a bevel 
(41 with respect to the sleeve 105. If this Is done gear 155 freely rotatable about the stud shafts 
then the cam 111 Is rotated about the axis of the The four stud shafts are journalled Inside a rinl 

shaft 13 as a center and the cam 111 Is likewise 157 which has «pur gear teeth 158 on the out' 

rotated about the same center. Actuation of the side thereof. The teeth 158 are in mesh with the 

ram 119 causes the cam to act on the cam fol- 15 teeth of the spur gear 141. A collar 159 is ro- 

lowera 145 — 145 to tilt the linkages 106 — 100 of tatable on the shaft 152 and has a spur gear 180 

the straight line motion mechanism thereby shift- and a bevel gear 151 keyed thereto. The gear 150 

lng the point 1 10, which Is the center of the eccen- Is in mesh with the spur gear 142. The spur 
trie ring 101, along the line 112 (Fig. 191. The gear 160 through the collar 159 drives the bevel 

turning movement of the cam 128 causes this go * ear 162 wh'ch is in mesh with the four gears 

ram to act on the cam followers 148 — 141 to tilt 136 on the spider 154. The gears 156 are in mesh 
the links 115 — 115 of that straight line motion with a bevel gear 152 which is keyed tq the shaft 
mechanism, thereby producing a movement of 152. For an understanding of the operation of 
the point 71, which is the center of the eccentric the differential assume that the shaft 162 Is held 
ring 72, along the straight line 120. it Is thus 46 stationary. The crank shaft3lrotatesthegear 142 
apparent that by an angular movement of the which drives the gear ISO.whicl.inturnrotatesthe 
sleeve 140 with respect to the sleeve 105 there Is collar 159 and thus the gear 112. The gear 1*2 

produced a straight line shifting of the center) drives the four gears 158. Sincetheshaftl52 lsas- 

of the admission eccentric ring 72 and the ex- sumed to be held stationary the gear I6J is also 

haust eccentric ring 101. This alters the eccen- 30 h e 'd stationary. Thus the rotation of the gear 
tricity of each eccentric but keeps the leads con- 162 causes the gears 111 to drive the spider 154 

stent. about the shaft 162 as a center and thus rotate 

Figures 18 and 19 show, in full lines, the peel- the gear 157, which in turn drives the gear 141 . 
tions of the cams 121 and 125 controlling the ec- The differential thus Interconnects the gears If! 
centric ring 72 and 101 when the pressure in the 83 and 142. Since the gear <42 Is keyed to the sleeve 
high pressure main Is 600 pounds per square Inch *65 which in turn is keyed to the shaft 23. It/ 

absolute. At that time the centers of the eccen- mllows that the shaft 33 drives the gear 1*2 dl- 
trie ring." 72 and (01 are at 73 and 110 respec- rectly, and drives the gear 141 through the da- 
tively. The cams are rotatable from the pc si- ferential. The gear ratios are such that with tn« 
tions shown in full lines to the positions shown ao shaft 152 held stationary the driving ratio of the 
In dotted lines to vary the admission cut-off and differential, between the gear 142 and the gear 

compression cut-off as the pressure In the high 141, is a one to one ratio. The gear 141 is driven 

pressure main changes or is changed. The at exactly the same angular speed as the speed 
dotted line positions of the cams and eccentric °7 the gear 142. Thus as long as the shaft 1*2 
rings are the positions assumed when the pres- 45 ls held stationary the cams 125 and 1 25 are in- 
sure is 150 pounds per square inch absolute. As tated at exactly the samo speed as the speed .A 
the pressure changes from the upper pressure to rotation of the eccentric rings and there is no 
the lower pressure the turning of the cam 125 relative motion between the two. If it is desired 

shifts the center of the eccentric ring 72 along to produce a shift or relaUve motion of the cams 

the line 120 to the point 73'. At the same time 50 126—128 with respect to the crank shaft 33. it 
the turning of the cam 125 shifts the center of is merely necessary to turn the shaft ls2 the 
the eccentric ring 101 along the line 112 from the sired number of degrees. This may be ap - 
point il 0 to the point 1 1 O’. Those positions rep- manually or automatically, while the shaft ;s 

resent the extremes of movement of the centers is rotating or is stationary, by means of a .va- 

of the eccentrics 72 and 101 while the engine is 55 versing device and governor, to be presently de- 

operating In one direction. To operate the engine scribed. 

in the reverse direction the cams 125 and 126 are As previously stated, the valve action of the en- 
rols ted clockwise past the cente- Une 147. As guie of the present invention Is such that an la- 

thi* rotation takes place the center of the eccen- dicator diagram taken from any cylinder thereof 
trie 72 moves to the right along the line 120 past 50 will closely approximate an indicator diagram 
the center line 147. The adjustment of the cam taken on any cylinder of the compressor unit or, 
1 28 for different pressures moves the center of stated conversely, a curve of the expansion of the 

the eccentric 72 along the line 120 between two air in the engine cylinder will closely approxl- 

points on the opposite side of the center line 147 mate an adiabatic expansion curve of air be- 
similar to the spacings of the points 73—73' 83 tween the limits of the Intake and discharge ;:n 
shown. The action of the cam 125 ls similar to sure of the cylinder. It ls therefore essential that 
that of the cam 126. the valve action shall be such as to give such 

A differential gear 150, best shown In Figures diagram. Referring now to Figure 7, It may bo 
3, 9 and 10, is provided for producing controlled seen that when the engine ls operating between 
relative rotation of the sleeve 140 with respect 70 the pressures of 100 pounds and 600 pounds per 
to the sleeve 105 during the operation of the square inch absolute the admission valve should 
motor. One rotary element of the differential remain open during the first 24% of the plstcn 
la in mesh with the gear 1*1 and another rotary stroke and then close. Expansion will then take 
element of the differential ls driven by the gear place In the engine cylinder along the curve 
142, the gear ratios being such that the gears 73 so that when the plstca reaches its llmii of strska 
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the pressure within the cylinder will be 100 
pounds. On the other hand, when the engine 
is operating between 100 and 500 pounds pres- 
sure absolute the admission valve should remain 
open for the first 28% of the stroke (which is 
the value of the abscissa of the curve 50 at 500 
pounds pressure) in order that upon expansion 
of the air in the cylinder the pressure will equal 
100 pounds at the end of the stroke. The valve 
action is designed to give a variable admission 
depending upon the pressure in the high pressure 
main in accordance with the curve 58 of Figure 7. 
rhe design is attained in the following manner, 
lor which reference may be had to Figures 24 
and 25: Assume that the crank circle is indi- 
cated at 166 and assume a length of connecting 
rod six times the length of the crank. The locus 
of the travel of the piston end of the connecting 
rod is indicated by the line 183 between the limits 
167 and 167 '. This has been calibrated in terms 
of percentage of stroke from zero to 100. When 
the pressure in the high pressure main Is GOO 
pounds the admission port roust be open for 
24.2% of the stroke, a figure obtained from Fig- 
ure 7, curve 50 , at 600 pounds pressure. On the 
scale I SS a point IS* is located at a position equal 
to 24% of the piston stroke. With this point as 
a center and with the length of the connecting 
rod as a radius, an arc is struck intersecting the 
circle IS5 at a point 169. At 150 pounds pressure 
the admission port must be open for 73.5% of the 
piston stroke, as may be determined from the 
curve 50 of Figure 7. Those are the limits of 
pressure at which the engine is to operate. A 
point 170 is located on the line 166 at 73.5% of 
the stroke. With that point as a center and with 
'the length of the connecting rod as a radius an 
^rc is struck which intersects the circle 165 at 
171. The cord a extending from the dead center 
position 172 to the point 171 subtends an angle 
from the center of the circle 135 equal to the 
angle of travel of the crank required to give an 
admission opening during 73.5% of the piston 
stroke, whereas the similar cord b extending from 
the point 172 to the point 159 on the circle 165 
subtends an angle equal to the angle of travel 
for the crank required for 24.2% cut-otf. The 
angle that the cord a makes with radii at the 
opposite ends thereof is therefore laid off equally 
on opposite sides of the center line 166 so that 
the cord A equals the cord a. This establishes 
the points 173 and 173 '. The line 174 adjoining 
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the points 173—173' thus establishes the admis- 
sion lap of the valve gear. An angle equal to the 
angle *ubten H ed by the cord b of Figure 24 Is 
laid off at the center of the circle and bisected 
5 by the line 166 so that the cord B equals the cord 
b. This angle, indicated by the arc 175, is the 
angle of admission of air when operating at 600 
pounds per square Inch absolute. The center of 
the admission eccentric must therefore be shifted 
J 0 between the points 173 and I7G a^ the pressure 
changes from 150 pounds to GOO pounds. At in- 
termediate pressures the center of the admission 
valve eccentric must be positioned at interme- 
diate points on the line 174. 

15 By way cf example, a description will be given 
of the manner of locating the position of the ad- 
mission eccentric at a pressure of 225 pounds per 
square inch in the high pressure main, it being 
understood that the same procedure is followed 
20 for other pressures. A! 225 pounds pressure in 
the high pressure main the admission cut-off 
snould take place at 54% of the stroke, as may 
be determined from the curve 50 of Figure 7. A 
point is located on the scale (66 of Figure 24 equal 
25 to 54 % of the stroke and with that point as a 
center an arc i« struck with a radius equal to the 
length of the connecting rod. The angular dis- 
tance from the point 172 to the point of inter- 
section of this arc with the circle 165 Is then 
30 measured and half of It laid off of each side of 
the line IG8. This establishes the position of the 
line 177. The point 177' of Intersection of this 
line with the line 174 determines the requisite 
center of the admission eccentric in order to 
35 give cut-off at 54% of the stroke, which is the 
cut-off necessary when the pressure is 225 pounds 
per square inch absolute. 

The determination of the exhaust lap and the 
point of closure of the exhaust valve and the cor.'. 
40 pression cut-off for different operating pressures 
is determined in the same way as above described 
for the admission valve. 

In order that a fuller understanding of the 
valve design may be had an example will be giv- 
45 en of the valve design for adiabatic compression 
and adiabatic expansion between the limits of 1:0 
pounds per square inch and GOO pounds y.-.-r 
square inch absolute based upon an assumed 
clearance volume of 57„ when the piston is at 
50 its innermost position within the cylinder. For 
this purpose reference may be had to the follow- 
ing table: 

TABLE I 


Adiabatic corapresston and adiabatic expansion 
between the limits of 100 p. s. i. and BOO p. s. i. 
abs. based on a clearance volume of 5% 


1 

2 

3 

4 

5 

ft 


8 

Per cent 
Torque 

Corre- 
spond Inn 
M. E. P. 
in p. s. i. 

Corre- 

sponding 

high 

pressure. 
P- »■ »• 
abs. 

Ad miss’ n 
per cent 
CutofT 

V itl ties 
in Col. 
#4 plus 5 

5X 105 
divided 
by Viii- 
i jos in 
Col. #5 

in' r*'i. 
fro minus 

Corn pr, 
sum Cut- 
mr r(j Utils 
inn minus 
Vidin's in 
Col. P7 

4ft5 

203 

600 

24. 2 

2 

IS 

13 

57 

405 

177 

475 

29. 4 

3 1. 4 

15.3 

SO. 3 

SO. 7 

352 

IM 

400 

34. t 

39. 1 

13. 4 

S. 4 

91. ft 

30ft 

134 

333 

39.0 

44 

n . y 

i'. 9 

93. 1 

2»>ft 

116 

2KS 

44. 2 

49. 2 

10. 7 

5. 7 

ji.:i 

23 2 

10t 

252 

49. 5 

54. 5 

9. (j 

(.1; 

95. 4 

201 

88 

227. 

54 

59 

K. 9 

3.9 

W. 1 

175 

76. 5 

20' 

59 

M 

8. 2 

3. 2 

9ft. s 

152 

WV 5 

18.5 

62. 9 

67. 9 

7. 7 

2. 7 

97. 3 

132. 2 

57. 7 

170 

67 

72 

7. 3 

2. 3 

97. 7 

115 

50. 2 

100 

71) 

75 

7. 0 

2. l) 

Us 

100 

43.6 

UO 

73. 5 

;:o 

6. 7 

‘• 7 

98. 3 
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The figures In this table are arrived at as fol- 
lows: The maximum pressure In the high pres- 
sure main Is set at 600 pounds. This figure Is 
placed at the top of column 3. Planlmeter read- 
ings taken from the curves of Figure 7 show that 
with a high pressure of 600 pounds absolute per 
square inch and a low pressure of 100 pounds 
absolute per square Inch the corresponding mean 
effective pressure Is 203 pounds per square Inch 
above the low pressure. This determines the top 
figure in column 2. Assume that at the lower- 
most operative pressure the torque Is to be taken 
at unity, or 100%. This is the figure placed at 
the bottom of column 1. Assume that It Is de 
sired to have a torque control range In twelve 
steps, each step to be 115% of the next lower 
value. The values In column 1 are then filled in 
starting with the lowermost value of 100% and 
working upwardly so that each higher value is 
115% of Its preceding lower value. This gives 
the values of column 1 and gives a maximum 
torque of 465% of the minimum torque. Since 
the mean effective pressures are proportionate to 
the torques, the corresponding values in column 
2 may be obtained, being directly proportionate 
to tlie corresponding values in column 1. The 
values in column 2 are then ascertained since 
the top value of 203 is known. This gives the 
mean effective pressures required to obtain 
torques corresponding to the values of column 1. 
The values in column 3 are values of the pressure 
required in the high pressure main to give a mean 
effective pressure of the corresponding value in 
column 2 as determined by planlmeter readings. 
That 1s, the Indicator diagram must reach high 
pressures such as indicated in column 3 in order 
that planlmeter readings shall give corresponding 
mean effective pressures as set forth in column 
2. Column 4 gives the requisite admission cut- 
off for the corresponding pressures of column 3, 
said admission cut-offs being in terms of per- 
cent of the piston stroke and being obtained 
from the curve 50 of Figure 7. Column 5 Is the 
same as column 4 with 5% added thereto for the 
5 % clearance. Columns 6 and 7 are Intermedi- 
ate values that are used for obtaining the values 
In column 8. An explanation will first be givn 
of how the values in column 6 are obtained, ior 
which reference should be had to Figure 7. At 
600 pounds pressure, the curve 50 shows that the 
admission cut-off should be at 24.2% of the stroke 
or at a value of five points more than that when 
measured not from the base line 22, which is V-.t; 
end of the stroke, but from a line S3. which repre- 
sents the clearance line and therefore is 5% to 
the left of the base line 52. It is also known that, 
the curve 51. which Is an adiabatic compression 
curve, must reach 600 pounds pressure absolute 
at the end of the stroke or at zero stroke. It is 
now required to find the point 54 at which the 
curve 51 must Intersect the abscissa. Since the 
curves 50 and 51 are both adiabatic curves the 
distance Li is to La as the distance X, which is 
the distance of the point 84 from the base line 
53, is to 105, which is the distance from the base 
line 53 to the point where the curve v3 intersects 
the abscissa. Setting up an equation we now 
have 

/•: .|'.' 

Li lOo 

Li is known as 5. Therefore 

v .(105) 

For any given pressure the value o' L? may be 
read from Figure 7, the value t el.ng r.v: ;. renter 
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than the abscissa of the curve 50 at the corre- 
sponding pressure. The value of h: for different 
I -essures are therefore the values given in col- 
,mn 5 of Table I. Thus for any given operating 
5 high pressure the corresponding compression 
curve 51 must intersect the base line at a distance 
from the line 53 given by the equation above. 
This gives the values for coiumn 6. The values 
in column 7 are just five loss than the values 
10 In column 6 and therefore give the distance from 
the end of the stroke at which the exhaust valve 
must be closed in order that upon completion of 
the stroke the air which was i:i tiie cylinder at' 
the time of closure of the exhaust valve will ba 
] 5 compressed to the desired pressure, as set forth 
in column 3. Column 8 Is merely 100% minus the 
value in column 7, which indicates that compres- 
sion commences upon the complet. .-n of that por- 
tion of the stroke of the piston. 

,>q It is to be noted that the action of the two 
automatic valves of each cjknriei is contro!>'d 
entirely by the difference betwe.n the pressure m 
the engine cylinder and the pressure in the high, 
and low pressure mains, as the case may be. and 
25 that the ODening and closing of the automatic 
valves is independent of the action of the pressure 
controlled cut-off. Therefore the automatic 
valves operate ;n the same manner regardless of 
the point of the admission cut-off or exhaust cut- 
30 off. If the automatic pressure responsive mech- 
anism were to become disabled it could be locked 
to operate the admission cut-off at any appio- 
priate fixed position without in any way interfer- 
ing with the action of the two automatic valve, 
3 - of each cylinder. Since the two mechanical 
valves and the two automatic valves do operate 
effectively regardless of the pressure at which thty 
mechanical valves are o;>eruted. it follows Lx i u is 
the automatic valvcr can be used in combination 
40 with the mechanical valves of any air engine and 
will be valuable on. an air engine that operates 
at a fixed cut-off. 

An explanation v. ill now be given of the con- 
struction of the governor and reversing device, for 
which reference should be had to Figures 8. 21 
45 and 22. The function of the governor is to so 
time the operation of the mechanically opera! ed 
valves of the engine that whale the engine ... 
operating on a load the valves will open on con- 
stant lead and will ch>e slightly in advance of 
50 the theoretically correct cut-off ro that ,n the 
next valve operation the automatically operated 
valves will open slightly ahead nf them. In tic 
embodiment of the invention here Illustrated the 
governor is designed for stationary mounting, its 
65 movement being transmitted to the shaft 152 and 
through that shaft and differentia; to the cam:. 
The primary force that reverses the engine and 
actuates the governor is the air pressure m the 
high pressure main. The governing and reversing 
mechanism 22 includes a stationarv double actinia 
governing cylinder 1 30. a movable double acting" 
reversing cylinder 131, a iong partially hollow 
piston rod 182 int r rconncci ing the two cylinders, 
pistons 183 — 184 on the piston rod 182. and a 
65 governing spring 125 acting on the piston roc 
182 to urge it to a central position. The pis tor, 
rod 132 has collars Ids — 181 keyed thereon, .be- 
tween these collars there is located tubes 188 and 
189 through which the piston rod 182 extends. 
70 The tubes 188 and 189 ^ave annular u.’ate-iike 
flanges 190 — 191 against which the opposite end 
of the spring 135 bears. The fiances 190 — 191 
and the spring 134 are located within a casing 
103 mounted in any desired manner upon the 
75 governing cylinder lea. 
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On* end of the piston rod 182 has two incom- 
municable ducts 196 — 1 9 S' extending lengthwise 
therethrough. The duct I9S int irconnects one 
side of the govenlng cylinder 183 with a cor- 
responding side of tlie reversing cylinder 181. 
The other duct 196' connects the other sides of 
the same two cylinders together. The rover.- in 
cylinder 181 has a gear rack 191 secured thereto 
which Is in mash with a pinion 195 that is keyed 
to the shaft 152 of the differential. Air under 
pressure from the high pressure main 8 is sup- 
plied under the action of the controller 15, as will 
■c more fully described as this description pro- 
*edi, to one or the other o( the tube* 28 — 21 and 
to one side or the other of the governing cylinder 
I8«. The pressure on one side of each piston 
188 — 184 is thus the pressure in the high pressure 
main I wherea* the pressure on the other side 
of each piston 181 — 184 is atmospheric pressure. 

Figures 8 and 21 show the reversing cylinder 
181 In the position that it occupies when pres- 
sure is applied to the pipe 24. At that time air 
at high pressure enters the cylinder 180 on the 
left hand side of the piston 183 and tends to move 
the piston 183 and the piston rod in a direction to 
the right as seen in Figure 21. The piston rod 
moves to the right and through the action of the 
collar 188 and the tube 188 compresses the soring 
185. The piston 183 continues to move to the right 
until the pressure of the air admitted into the cyl- 
inder 180 through the pipe 24 is exactly counter- 
balanced by the spring !85. During the movement 
of the piston 188 to the right the pm ton 184 which 
is connected therewith moves th> float ng cylin- 
der 181 with it. This cylinder and piston 134 
move to the right as one unit, since the air duct 
|*6 maintains the pressure in the cylinder 181 
In the left hand side of the piston (84 the same 
as that In the high pressure r.r.1::, v/horea' the 
duct 195' maintains the pressure on the right 
hand side of the pistons 133 — I3-* the same a<- in 
the pipe 23, which is maintained at atmosphei ie 
pressure through the controller, as will be more 


fully set forth as this description proceed-. Thus 
any change in pressure In the high pressure main 
results in a corresponding change in the pressure 
in tile pipe 24 and a corresponding movement of 
the piston rod 132 against the action of the spring 
185. The moving piston rod 182 carries with it 
the reversing cylinder 181 which actviates the 
gear 195 to actuate the differentia! ISO, in the 
manner previously described, to turn the c urn 
shaft actuating the cams 135 — 125 The anmi. or 
position of the cams with nspect to the era i d 
shaft 33 is thus determined by the amount 
movement of the cylinder 131 ’which in turn is 
determined by the pressure in the high pressure 
main and the action of the spring 185. For any 
given pressure in the main 24 there is a corre- 

dspon-iing angular position of the cams 125 128 

®vith respect to the crank shaft 3. The mo-e- 
^nent of the governor piston 183 compresses the 
spring 185 and is thereby limited to that point 
at which the pressure on the piston 183 is bal- 
anced by the pressure of the spring 185. Thus 
the position of the cams for one direction of rota- 
tion of the air engine is determined by the act'on 
of the governor. 


For the opposite direction of rotation of the air 
ei»gine the positioning of the cams is also deter- 
mined by the action of the governor. To obtain a 
reverse direction of rotation from that previously 
described, the conti oiler 13, to be presently de- 
scribed, Is set so as to apply atmospheric pres- 
sure to the pipe 24 and r,ppl 7 tic pressure of 


in 
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the high pressure main 8 to the pipe 23. High 
pressure from the pipe 28 is Immediately trans- 
mitted through the duct 198' in the piston rod 
to the portion of the cylinder at the right hand 
face of the piston 184 and the pressure in the 
portion of the cylinder 181 on the opposite face 
of the piston 184 is made atmospheric pressure 
by the communicating duct 196 in the piston rod. 
The cylinder 181 therefore immediately moves a 
full stroke to the right, thus immediately actuat- 
ing the gear 1 95 to turn the differential and there- 
by turn the eccentric cams 125 — (26 to set the 
engine valves for reverse direction of operation. 
The piston 183 moves to the left under the ac- 
tion of pressure supplied thereto from the pipe 
23. thereby causing the collar *87 to force the 
tube 189 and plate 191 to compress the spring 
185 so that the ultimate position of the piston 133 
in its movement to left from the position illus- 
trated in Figures 20 and 21 is again that position 
at which the air pressure on the piston 1 83 is 
exactly counterbalanced by the spring 185. Any 
change in pressure In the high pressure main re- 
sults in a change in position of the piston 183 
and corresponding shi ting of the cylinder 181 
and turning of the gear 1 35 to reset the eccentric 
cams 125 — I’.G to a new position which is a func- 
tion of the pressure in the high pressure main. 

The ultimate positions of the eccentric rincs 
with respect to the crank shaft for any given 
pressure value in the high pressure main are de- 
termined by the .shapes of the cams 125 — 126 ana 
the angular movement of the cams as deter- 
mined by the spring 185 and the pressure In the 
high pressure main. The shapes of the cams arm 
the calibration of the spring 185 must therefore 
be corrected. In the engine here described they 
are so correlated that an indicator diagram taken 
from any one of the engine cylinders will foil. 
the adiabatic curves 58 — SI to the partiem m 
pressure prevailing iri the high pressure malm 
As the engine torque is increased, increments u f 
additional air pressure must be increased at a 
faster rate than the desired Increase of increments 
of torque. Compensation for this dispr -o-or' .1: m 
can be made either by taking care of this fa ft v 
in the cam design or by making the govern r 
spring 185 so proportioned or controlled tn:i| 
will develop progressively increased Increments 
of counter pressure at the rate required to supply 
the proper degree of compensation. One such, 
design of spring is illustrated in Figure 21. ; 

is made up of wire or rod 201 of rectangular cr-r.u 
section formed Into a helix of cylindrical shape. 
Nested with the spring is a helical spaced member 
232 made up of thin rectangular lamination strip', 
also formed into a helix. These strips are of 'car- 
ious lengths so grouped that as the spring is com- 
pressed successive turns of the spring 201 '.v-iii 
progressively close on the spacer member, im- 
properly proportioning the length.-, -f the v»u - 
ions laminations 202 there can be obtained arm 
desired spring calibration within the limits of 
the design. This is merely one wav of obtaining 
the desired calibration of the spring. An equiv- 
alent effect can be obtained by winding the turn - 
of the spring 231 with cllin-rent spacings. 

The spring 133 in the governor is ore-com- 
pressed to a degree such that the governor is in- 
operative at air pressures under 150 pounds per 
square inch. At pressures up to 150 pounds per 
square Inch absolute the spring 185 maintains the 
governor piston rod 132 in the position il lust rated 
in Figure 21. 

It is obvious from the above description that 
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the proper functioning of the engine is dependent 
upon proper functioning of the governor and that 
the spring design, correlated with the shape of 
the cam, constitutes the essence of the govern- 
ing design. 

An explanation will now be given of the con- 
struction of the controller 15 of Figure 1. which is 
shown more particularly in Figures 26 to 33 in- 
clusive. 

The functions of the controller are : 1 o 

1. To set the reversing cylinder 181 of the gov- 
erning and reversing mechanism 22 for the de- 
sired direction of rotation; 

2. To operate the unloading devices on the air 
compressor in proper sequence and in such a 
manner as to obtain the desired torque and speed 
from the air engine; 

3. To ci'.ange the functioning of the engine 
from motoring to braking when desired; 

4. To so control the ilow of air through a by- .,,, 
pass between the nigh pressure main and the low 
pressure main as vo obtain the desired braking 
torque and speed from the engine. 

The control of all of these functions is centered 
in a single lever, the position of which determines ■>:, 
the function to be performed and the values of 
speed and torque that the engine will develop. 
The controller 15 includes a base 250 upon which 
the various parts are mounted to constitute a 
unitary assembly. A pair of brackets 251 — 251 .. (l 
(Figs. 26. 27 and 30) carry a shaft 252 that is jour- 
nalled in bearings in the brackets so that it is ro- 
tatable and also longitudinally movable. A hand 
operating lever 253 is keyed to the shaft and ex- 
tends upwardly therefrom through a slotted arcu- - 
ate plate 254 that is bolted or otherwise se- 
cured in position to and extends between the two 
brackets 251 — 251. The plate 254 is of a shape 
such as Is shown more particularly in Figures 20 
and 32 and has a U-shaped slot therein con- 
sisting of two parallel longitudinal slots 255 — 253 
joined by a cross slot 257. The movement of the 
lever 253 is guided by the slots 255, 256 and 257. 
The lever 253 may be moved in either of the slots 
255 — 2 56 to produce a corresponding oscillation .ir, 
of the shaft ?52, or it may be moved from one 
of the slots to the other, through the cross slot 
257, producing a corresponding longitudinal or 
axial movement of the shalt 252. A gear 26a is 
keyed to the shaft 252 and is in mesh with and 
drives an elongated pinion 261 keyed on a rotat- 
able cam shaft 262, journalled in bracke's 
263 — 253 mounted on the base 253 . The sh.-.it 
252 is mechanically connected to a piston rod i ' 4 
that carries two pistons 2S5 — 2S5 in a cylinder r, 
267, of a direction controlling pilot valve 2S3, as 
may be seen from Figure 27. a tube or conduit 
269 connects the cylinder 257 to the high pressure 
main between the pistons 285 — 265. Tubes 2 3 
and 24 on opposite sides of the tube 269 extend, f 
respectively, to the forward and reverse cylinder 
outlets of the reversing device 22 , in accordance 
with the connections illustrated in Figures 1 and 
21. When the pistons 265 — 266 are in the posi- 
tions illustrated in Figure 27 communication is n 
established from the high pressure main by -vr..y 
of the tube 269 to tire reverse direction control- 
ling tube 24. At the same time the forward di- 
rection controlling tube 23 is open to atmosphere 
at the cylinder 267. If the piston rod 264 is moved 7 
to the right from the position Illustrated m Figure 
27 the tube 24 will be opened to atmosphere at the 
cylinder 267 and the tube 23 will in turn be con- 
nected to the high pressure main via the tube 
239. Movement of the piston red f,;j i to Ins right 7 
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from the position illustrated in Figure 27 is ef- 
fected by manually shifting the hand operated 
lever 2 r 3 crosswise through the cross slot 257 , thus 
moving the shaft 252 to the right and with it the 
pistons 265 — 266 . 

The cam shaft 262 has keyed thereto a plurality 
of cams, in this Instance six in number, indicated 
at 27 1 to 276 inclusive, so that rotation of the cam 
shaft results in rotation of all six of the cams. 
The cam 276 is Illustrated in Figure 31. This cam 
controls a bell crank lever 278 pivoted at 279 
and carrying at one end a cam roller 280 in en- 
gagement with the cam 276 , and at its opposite 
end through a link 281 controlling the positioij 
of a piston 282 in the cylinder of a pilot valve 
283 , which piston in one position, that illustrated 
in Figure 31, establishes communication between 
a manifold 284 that is connected to the low pres- 
sure main, and a flexible metal tube IP that ex- 
tends to the unloader of the inlet valve of one 
of the cylinders 2 of ihe compressor. A manually 
operable three-way valve 285 is interposed be- 
tween the tube 16' and the cylinder 283 for a pur- 
pose to be more fully set forth as this description 
proceeds. At the present it is sufficient merely 
to point out that a valve 285 is provided in only 
one of the sir unloader controlling tubes 16 lead- 
ing irom the controller 15 to the unloaders on 
the cylinders 2, as may be seen from Figures 1 
and 26. The piston 282 in its alternate position 
in the cylinder 233 (Fig. 31) closes off communi- 
cation between the tube 16 and the low pressure 
manifold 284 and opens the tube 16 to atmos- 
pheric pressure, thereby disabling the corre- 
sponding unlcader and allowing the correspond- 
ing compressor valve controlled by the tube IS 
to ojierate in its normal manner. Each one of 
the cams 27 1-276 operates a similar bell crank, 
278 to actuate a pilot valve 123 to contiol differ- 
ent unloaders through pressure applied from the 
low pressure main to the corresponding tube 17. 
The cams 27 1-276 are so arranged as to give Hue 
proper sequence of opening and closing of the un- 
loader valves of the compressor cylinders 2. 
When the controller handle 253 is in the neutral 
position illustrated in Figure 27, all of the care; 
27 1-275 control their respective pilot valves 1 ;.J 
to apply pressure to the respective unloading de- 
vices so that the respective intake valves of the 
e compressor cylinders 2 are all held open The 
handle 253 has fourteen operative positions to orie 
side of its neutral position in each of the 
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A sequence diagram for the operation of 
3 cams 27J-27S is illustrated in Figure 33. In po- 
sition 1 cam 276 releases its unloading device. 
In positions 2. 3 and 4 cams 275, 274 and 273 suc- 
cessively release their unloading devices. In posi- 
tion 5 cam 272 releases its unloading device and 
iO cams 273 to 276 again operate their unloading de- 
vices. In positions 6 , 7. 3 and 0, respectively, earns 
276 to 273, respectively, successively release their 
unloading devices. In position 10 cam 27 1 re- 
leases its unloading device and cams 273 to 276 
5 actuate their unloading devices. In positions 
11 to 14 inclusive, cams 27 5 to 273 successively re- 
lease their unloading devices. The fui! lines . : 
in Figure 33 indicate the positions at which the 
unloading devices controlled by the respective 
0 cams are released, which correspond to the posi- 
tions of the controller during which the corre- 
sponding air compressor cylinders of the air com- 
pressor are functioning. 

As previously stated, the air driven compressor 
unit I consists of eight Separate cylinders 
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Pour of the cylinders are shown In Figure 1 , the 
other four being located immediately below the 
four cylinders shown in Figure 1. In the pre- 
ferred arrangement four of the cylinders are ol 
uniform size and are small cylinders. The other 
four cylinders are of uniform size and are large 
cylinders. Each of the large cylinders is prefer- 
ably of a diameter which is 1.58 times the diam- 
eter of a small cylinder or a cross sectional area 
2.5 times the cross sectional area of a small cyl- 
inder. Cams 213, 214. 215 and 218 each control 
the unloader of one small cylinder. Cam 21 1 con- 
trols the unloaders of two large cylinders simul- 
taneously. Cam 212 controls the unloaders of 
the remaining two large cylinders simultane- 
ously. If the output of a small cylinder, per 
revolution of the engine drive shaft 8, is taken 
as unity, then the outputs of each large com- 
pressor cylinder per revolution of the engine drive 
shaft 6 is 2‘4, and the output for each pair of 
large cylinders, per revolution of the shaft 8, is 5. 

TTifi controller 15 also includes a brake control 
cylinder 290 that has pistons 291 — 291 ' therein 
that control the establishment of communication 
between the high pressure main and the low pres- 
sure main through conduits 292 — 293 that lead 
respectively to the high pressure main and the 
low pressure main. The pistons 291 — 291 ' are 
connected to a piston rod 294 . The piston rod 
294 is connected through a link 295 and pin 236 
to a pair of spaced parallel bell crank levers 297 
that are pivoted at 298 to the brackets 251 and 
carry at their opposite end a roller 299 that is 
engaged by the hand operated lever 253 . If the 
lever Is moved back from the neutral position of 
Figure 30. As that lever 253 is moved buck from 
the neutral position, that Is, to the left from the 
position illustrated in Figure 30, it engages the 
roller 299 and swings the bell crank 23 : counter- 
clockwise to force the piston 291 progressively 
downward In progressively uncover more ...id 
more of the port areas in the cylinder 290 com- 
municating with the conduit 293 , thus progres- 
sively establishing a greater and greater flow of 
air from the high pressure main to the low pres- 
sure main. 

An explanation of the operation of the system 
thus far described will now be given. Assume 
that the engine driving the compressors 2 is 
driven at a constant speed. Assume that the 
controller is in its neutral position. All of the 
unloadcr devices of the six compressors 2 me 
energized and therefore hold the automatic i::Ut 
valves of the compressor continuously op a. 
'Therefore no air is being forced from the low 
pressure mein to the high pressure main. The 
auxiliary compressor is maintaining the pressure 
in the low' pressure main constant at 100 pounds 
per square inch absolute The controller handle 
is then moved to its first position. This relear.es 
tile oressure on the unloading device of one 
the compressor cylinders 2 . That cylinder with 
continence to move air from the low pressure 
main to the high pressure main, delivering the air 
to the high pressure main at a constant rate. 
The pressure in the high pressure main will there- 
fore build up. The compressed air engine 29 
commences to operate, it will operate at a speed 
determined by the torque of its load and he pres- 
sure in the high pressure main. For each revo- 
lution of the compressed air engine a fixed quan- 
tity of air will be withdrawn from the tnh pres- 
sure main and returned to the low pressure main. 
As long as the rate of rotation of the engine 'is 
is such that the rate of withdrawal of sir frern 
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the high pressure main by the engine is less than 
the rate of deli’ery of air thereto by tile com- 
pressor, the prt ,sure will continue to rise in the 
high pressure main. As the pressure continues 
5 to rise the engine 20 accelerates until ultimately 
it reaches a speed at which the rate of air with- 
drawal from the high pressure main ty the engine 
29 exactly equals the rate of input of air into the 
high pressure main by the compressor. The en- 
lo gine 20 will then continue to operate at that 
speed. Air thus circulates in a closed system 
from the low pressure main to the compressor, 
thence to the high pressure main, then to the 
compressed air engine and back to the low pres- 
)j sure main. At that time the auxiliary air com- 
pressor 10 merely serves to .supply the low pres- 
sure main with an amount of air necessary to 
compensate for leakage. Should it be desired to 
increase the speed of the engine 20 it is merely 
,>q necessary to increase the rate of air delivery to 
the nigh pressure main by the compressor. This 
is done by moving the controller to its second 
position thereby releasing the unloader device for 
another small compressor cylinder. The rate of 
■j- air delivery into the high pressure main is thus 
doubled, and the pressure commences to rise. 
This causes the compressed air engine to accel- 
erate thereby increasing the rate of withdrawal 
of air from the high pressure main. When the 
;,o engine reaches such a speed that its rote o/ air 
withdrawal from the high pressure main again 
equals the rate at which air is delivered to the 
high pressure main by the compressor, equilib- 
rium is established, and the engine will continue 
: ij to operate at its new constant speed. To further 
increase the speed of operation of the engine it 
is necessary to release another unloader valve to 
bring another small compressor cylinder into cp 
oration. The controller in positions 1. 2, 3 and 4 
4 U brings into operation first one, then two. then 
three, and then four of the .small cylinders. In 
position 5 the controller releases the unloading 
devices of two large cylinders and operates the 
unloading devices of the four small cylinders. 

, The two large cylinders have a combined air out- 
put of five times the output of one small c> limit i . 

As previously stated, the speed of operation of 
the engine is determined by the rate of air de- 
livered by the compressor into the high pressure 
■ main. The pressure in the high pressure mam. 
at which the compressed air engine is operating, 
is determined by the torque of the load. It is de- 
sired that the pressure in the high pressure main 
should not rise above 600 pounds per square inch 
absolute. If the torque of the load Is such as to 
require more than 600 pounds per ..quare inch in 
order to move it, the load will rot move, and as 
the pressure in the high pressure main rises above 
the COO pound value due to the continued deliv- 
ery of air to the high pressure main by the com- 
pressor without a corresopnding withdrawal of air 
by the engine, the safety valve 13 will operate to 
by-pass air from the high pressure main directly 
to the low pressure main. If the compressor is 
<•■> driven by a constant speed internal combustion 
engine having a definite maximum horse power, 
that will limit the maximum horse power of the 
compressed air engine. Since the number of com- 
pressor cylinders In service determines the speed 
To of the compressed air engine 20, it follows that 
with a constant horse power driving engine for 
the compressors 2 the maximum torque that can 
be developed by the engine 20 will vary Inversely 
with its speed and therefore Inversely with the 
I., number of compressor cylinders i that are in scr- 
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vice. The maximum possible torque for the com- 
pressed air engine will therefore increase as the 
number of compressor cylinders in service Is de- 
creased. At 600 pounds high pressure and 100 
pounds low pressure the mean effective pressure 
is 203 pound-, which develops the maximum 
torque possible for the engine 20 . If the torque 
of the load requires a mean effective pressure 
over 203 pounds (above the 100 pounds absolute 
pressure of the low pressure main) the load will 
not start, and the pressure in the high pressure 
main will tend to rise, but such rise is prevented 
by the safety valve. The arrangement is such 
that at a speed of the compressed air engine 20 
equal to that attained when three small compres- 
sor cylinders are in service and at a maximum 
torque obtainable with a high pressure of 600 
pounds per square inch, the horse power output 
of the compressed air engine 20 is equal to the 
maximum horse power output of the internal 
combustion engine driving the compressors 2. 
This means that at the -wo lower speeds of the 
compressed air engine 20 obtained when one or 
two small compressor cylinders are in service, no 
larger torque can be carried by the compressed 
air engine and the Internal combustion engine 
that drives the compressors therefore operates 
at below its maximum horse power. 

From the above description it is apparent that 
the engine 20 permits a rise in pressure in the 
high pressure main to such a value and operates 
at such a speed that the torque developed by the 
engine exactly balances the torque of the load. 
If the torque of the load goes down (as in the case 
of a locomotive arriving at a decline in the road) 
the engine will tend to accelerate only momen- 
tarily, thereby withdrawing an additional amount 
of air from the high pressure main and thus re- 
ducing the pressure therein and eliminating the 
tendency to accelerate. 

In the system of Figure 1 the compressed air 
engine 20 may also be used as a brake for the load. 
Assume that a load, such as a train of railroad 
cars, is driven by the engine 20 and it is desired 
to brake the speed of the train. The controller 
handle 253 is moved to its extreme back position, 
at the cross slot 257. The unloaders of the com- 
pressors 2 are energized, thereby stopping the 
delivery of air to the high pressure main. 
The pressure in the high pressure main 
immediately drops due to the withdrawal of 
air therefrom by the engine 20 and due to the es- 
tablishment of a by-pass from the high pressure 
main to the low pressure main at the brake con- 
trol cylinder 290 as the handle 253 Is moved to the 
left of the position illustrated In Figure 30. The 
controller handle 253 while in this position is 
shifted through the cross slot 257 thereby actu- 
ating the pistons in the reversing pilot cylinder 
268. This disconnects the high pressure pipe 233 
(Fig. 27) from the tube 27 and connects it to the 
tube 23. The tubes 23 and 24 lead to the govern- 
ing and reversing device, as previously explained. 
By reference to Figure 21 it may be seen that the 
changing of the application of air prressure from 
the tube 24 to the tube 23 results in tha appli- 
cation of pressure by way of the tube 23, to the 
part of the cylinder on the right hand side of the 
piston 183 and the passageway 196' to the part of 
ihe reversing cylinder on the right hand side of 
the piston 184, thereby moving the reversing 
cylinder 181 to the right from the position illus- 
trated in Figures 20 and 21 to the position illus- 
trated in Figure 22 , thus actuating the gear 133 


and the differential 150 to set the cams 125 and 
126 of the eccentrics that control the mechanical 
valves < 1 the engine 20 for reverse direction of 
operation. The locomotive now drives the engine 
6 20 as a compressor taking air from the low pres- 
sure main and delivering it to the high pressure 
main. At this time the automatic valves 58 and 
58 ' of the engine of Figure 2 will open before the 
mechanically operated valves open, and close 
10 after the mechanically operated valves close. 
The automatic valves therefore become primary 
valves while the mechanically operated valves 
serve no useful function. 

As 'he engine 20, now operating as a compres- 
15 sor, delivers air into the high pressure main the 
pressure in that main tends to rise. A rise in 
pressure is, however, prevented due to the dis- 
charge of air from the high pressure main to the 
low pressure main through the brake control cyl- 
•go inder 290 because the brake controller handle 
253 is in its extreme left hand position. If the 
handle is moved to the position illustrated in 
Figure 30, thereby completely shutting off tht 
by-pass between the two mains at the braking 
■25 cylinder 290, the pressuie will rise to its maxi- 
mum value. As the engine continues to move the 
additional air forced thereby into the high pres- 
sure main is discharged into the low pressure 
main through the safety vaive 13. The pressure 
on therefore remains at 600 pounds and the loco- 
motive receives the maximum braking effect until 
it comes to rest. If it is desired to reduce the 
braking effect it is merely necessary to move the 
controller back to the left of the position Ulus- 
35 trated in Figure 30. As the hand operated lever 
253 is moved back it acts on the roller 299 and 
be!) crank 297 to force the piston rod 294 of the 
brake control piston 23 3 to move downwardly 
and thus establish an additional by-pass from the 
40 tube 2 92 that is connected to the high pressure 
main to the tube 283 that is connected to the Ur.v 
pressure main. This reduces the pressure in the 
high pressure main thereby reducing the braking 
effort. The amount of reduction of the braking 
■ ■ effort is controlled by the amount of downward 
movement of the braking piston 291 by leftward 
movement of the handle 253. As the locomotive 
sixied decreases, the rate at which air is forced 
into the high pressure main by the engine 20 
operating as a compressor also decreases, and 
when the handle 253 maintains the braking con- 
trol piston 291 uncovering the ports leading to tac 
low pressure conduit 233 the pressure in the high 
pressure main gradually drops to the pressure in 
the low pressure main, thus gradually reducing 
the braking effect. 

An explanation will now be given of the appli- 
cation of the power system of Figure 1 to the draw 
works of an oil well drilling rig. for which refer- 
6b ence may be had to Figure 34. The air com- 
pressor unit I of Figure 1 is shown as located 
near the usual type of drilling rig 310. The drill 
pipe to the bottom of which the drill is connected 
is indicated at 311, said pipe being arranged to be 
63 rotated in the usual manner through a gear 
mechanism within a box 312 driven in any de- 
sired manner, as by a belt 313 leading to uu 
engine. The engine may. optionally, be the same 
engine that drives the compressor 2, the belt 313 
‘ '* being shiftable from an idler pulley to a driving 
pulley on the shaft of that engine to start the 
drilling. A connection is provided at 315 for cir- 
culating mud through the bore to carry away the 
rock and other material loosened by the drill, 
75 all In s manner knc.va In the art 



154 


2,480,982 

29 30 


The weight of the drill pipe 311 is supported 
in a novel manner in order to permit the air 
engine to carry any desired fractional part of the 
weight, thereby controlling the remaining '.eight 
or pressure exerted by the drill bit at the bottom 
of the bore. To that effect a weighing device 320. 
shown more particularly in Figure 35, is inter- 
posed between tile driil pipe 31 1 and the travelling 
block 321 that supports the drill pipe. The weigh- 
ing device consists of a plate 322 which is sus- 
pended at 323 from the pulley block 321. The 
plate 322 has a pair of links 325 — 325 suspended 
therefrom, which links in turn support a bowed 
leaf spring assembly 325. A yoke 327 is supported 
at the center cf the spring 326 and in turn sup- 
ports the tir ill pipe 311. The puil of the drill pipe 
on the plate 322 determines the amount of de- 
flection of the spring 326. The deflection of the 
spring moves a pointer 328 pivoted at 329 to the 
yoke 321 and at 333 to an extension of the plate 
322. The pointer 323 moves over a calibrated 
scale 231 so that the position of the pointer on the 
scale 331 indicates the amount of downward pull 
of the drill pipe 3ti on the plate 322 or, con- 
versely. the upward pull of the plate 322 on the 
drill pipe through the pulley arrangement. The 
cable 335 of tire block and tackle, which includes 
the block 32 1 , extends to a reel or drum 336 driven 
by the air engine 21 of Figure 1 that receives its 
air from the compressor unit I of Figure 1, 
through a controller such as shown at 15 of Fig- 
ure 1. The drum 336 is driven by the engine to 
raise or lower the pipe 3 1 1 in the manner known 
in the art. The speed of the drum is controlled 
by the controller 15 in the manner previously de- 
scribed. During the actual drilling operations 
there is no hoisting. 

If an unloader of one of the small compressor 
cylinders 2 is released that compressor will start 
to build up a pressure in the high pressure main 
so that the pistons of the engine 20 will apply a 
torque tending to turn the drum 33S and raise 
the block 32!. As this torque increases it pro- 
gressively exerts a greater and greater upward 
pull on the pipe 311 through the plate 322, thus 
progressively reducing the weight or pressure of 
the bottom of the drill bit in the bore drilled 
thereby. Since the total length of the drill pipe 
3! I is known the weight thereof is also known. 
The pressure of the drill is, therefore, the differ- 
ence between the known we ; sht of the drill pipe 
and the upward pull exerted thereon by the dr 
engine, as indicated by the pointer 328 on the 
scale 231. If it is desired to maintain constant 
the weight of the drill bit in the bore it is merely 
necessary to maintain the pointer 328 in a con- 
stant position over tire scale 331, this being main- 
tained by maintaining a constant pull on the 
cable 235 by the r.ir engine. The constant pull is 
maintained by maintaining a constant pressure 
in the high pressure main. When the pressure 
in the high pressure main reaches the desired 
constant value, as indicated by the pointer 328 
re, chinn its desired position on the scale 331. the 
unloader of the compressor cylinder that was 
operating must be actuated, to stop a further rise 
in pressure in the high, pressure main. A relay 
is provided for automatically accomplishing this 
result, and for recommencing the operation of the 
compressor if the pressure lulls below the set 
value. 

The constant pressure regulating relay Is shown 
In Figures 38 and 39, the connections of that 
relay being shown In Figure 1. This relay Is con- 
ne< ted to the first tube 1 3 at the controller by 


turning the three-way valve 285 through 90“ In a 
clockwise direction from the position illustrated 
in Figures 1 and 26. The relay consists of a 
cylinder 340 which is connected to the high pres- 
sure main and balances the pressure ol the high 
pres ; i;re main on one side of the piston 341 
against a compression spring 342 whose tension 
is adjustable by a cap screw 343 threaded into 
the cylinder 340. The piston 34 I actuates a piston 
rod 344 that carries three pistons 345. 346 and 

347 in a cylinder 348. The space m the cylinder 

348 between the pistons 346 and 341 receives 
air from the low pressure main via a tube 350 
that Is adapted to discharge through a tube 351 
under control of the piston 347. If the pressure 
In the high pressure main become ; too low. as 
due to leakage of air, the spring 342 forces the 
piston 341 upwardly thereby opening the tube 
351 to atmosphere at the cylinder 348. This at- 

.> w mosphcric pressure is conveyed via the tube 35!, 
the three-way valve 285 (Figs. 1 and 26 i and the 
tube 16 that leads to tne unloader valve of one 
of the small compressor cylinders. This releases 
the unloader valve of that particular engine cylin- 
der by removing the pressure from that unloader. 
That cylinder therefore commences to force air 
into the high pressure main to build up the pres- 
sure therein. As the pressure builds up. the piston 

341 moves downwardly. When the pressure 
■ m , reaches the desired value the piston 341 has 

moved downwardly an amount just sufficient to 
apply low pressure from the low pressure line 353 
through the cylinder 348 to the tube 351, thence 
through the valve 285 to the right hand end line 
35 (5 of Figures 1 and 26, thereby energizing the 
particular unloader valve and stopping a further 
building up of the pressure in the high pressure 
main. Should the pressure in the high press -m- 
main become excessive then the piston 34! w ill 
40 move downwardly against the action of the spr: •, 

342 with the result that the piston 343 will un- 
cover the opening to a line 355 which establishes 
communication between a line 356 leading from 
the high pressure main and a line 355 that i< Is 
to the low pressure main. This will bleed of! ' he 
excess pressure from the high pressing u. 
Thus the relay of Finur" 38 will constantly 
regulate to maintain a pressure in the high pres- 
sure main necessary to maintain the piston 341 
balanced against the spring 342 as set by the 
screw 343. The pressure of the drill bit in the 
bore is thus maintained constant 

As the length of pipe line 31 1 is inveased si T, 
necessary to increase the pre-wnr" in the logo 
pressure main in order that the remaining pres- 
sure of the drill bit shall remain fond mt To 
increase the pressure in the hi :h ore-sure main 
it is merely necessary to adjust the sms 34 1 ; > 
increase the compression of lh .■ spring 342. Thi- 
momentarily causes the piston 3'! to rr-e and. 
through the piston rod 344. to rl. se ( fj the ap- 
plication of pressure from the low g. e- •ire main 
35C to the tube 351 and expo. <■ that tube to 
atonispheric pressure thus relta-un" the unloader 
He of the compressor controlled thereby ■ o that the 
pressure commences to build up and is then main- 
tained at a new value rcq'drrd to maintain the 
piston 341 In the position illustrated in Figure 38. 
when balanced against the higher spring pressure. 
7u When it is desired to raise the pipe 311 it is 
necessary to slip the belt 313 to the Idler pulley 
on the shaft and thus discontinue the rotation 
of the pipe 311. Thereafter the hand operated 
valve controlling the application of pressure to 
73 the relay 33 is closed and the three-way valve 
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285 Is set to the position Illustrated In Figure 26. 
This closes off the connection between the first 
tube 16 and the tube 351 leading to the constant 
pressure relay and instead connects the first tube 
16 to the controller 15 so that the unloader of 
the particular cylinder connected to the first tube 
16 Is now controlled by the controller 15 . The 
controller may then be used In a manner pre- 
viously described to hoist the load at the de- 
sired speed. 

When the hand lever is at the neutral position 
or to the left thereof none of the compressor 
cylinders 2 — 2 are delivering air to the high pres- 
sure main because all of the compressor unloaders 
are actuated. Also, when the lever Is to the 
left of the neutral position the brake control 
cylinder permits air flow from the high pressure 
main to the low pressure main. This mode of 
operation Is utilized for braking. 

When it is desired to lower the pipe line the 
air engine 2D may be used as a brake to brake 
the descent of the line. This Is accomplished 
in the following manner: The hand operated 
lever 253 is shifted In the cross slot 251 to set 
the engine valves for the corresponding direc- 
tion of rotation. Shifting of the hand lever 253 
in the slot 251 is of no effect on the operation 
of the unloaders because the gear sector 239 
merely slides lengthwise on the pinion 261. This 
shifting of the lever, however, shifts the pistons 
265 — 266 of the direction pilot valve 268 to the 
right from the position Illustrated In Figure 27 
and applies the pressure from the high pres- 
sure main to the tube 23 , thus positioning the 
reversing cylinder 181 of Figure 20 In the man- 
ner previously described, to set the eccentrics 
that control the mechanical valves of the engine 
20 for the proper direction of rotation. The 
load now commences to drive, the engine 20 as a 
compressor. The controller handle Is shl/ie.i 
to the position illustrated In Figure 20. The ■ n- 
gine 20 builds up pressure In the high pressure 
main until the pressure in the high pressure main 
becomes sufficient to counterbalance the torque 
of the load, at which time the load comes to 
rest. In the position of the controller handle 
illustrated In Figure 30, the maximum braking 
effect is obtained. If it is desired to obtain a 
smaller amount of braking effect the handle 253 
is moved back, that is. to the left from the po- 
sition Illustrated In Figure 30. This immedi- 
ately causes the piston 291 to move downwardly 
and establish communication between the Ur. :s 
292 which is connected to the high pressure iruiu 
and the line 2 93 which is connected to the low 
pressure main. Air immediately commences to 
flow from the high pressure main to the low 
pressure main, thus tending to relieve the pres- 
sure in the high pressure main and permitting a 
further descent of the load. The rate of 
flow from the high pressure air main to the ior/ 
pressure air main will determine the rate at 
which the compressed air engine 20. now oper- 
ating as a compressor, will rotate, and thus win 
determine the rate of descent of the load. .• , 
the hand lover 253 is moved further and further 
to the left, from the position illustrated in hi~- 
ure 30, it uncovers progressively larger port areas 
in the cylinder 293 communicating with the line 
293 , thu., progressively increasing the rate of air 
transfer from the high pressure main to the. 
low pressure main and thereby permitting greater 
descending speeds of the load or, stated in other 
words, reducing the braking effect. 


Movement of the controller to the right of 
the braking position, either in the slot 265 or 
the slot 256 , pro' uces a progressively faster driv- 
ing effect. Thus during hoisting operations, if 
5 the controller handle is moved from the hoisting 
position to the position illustrated, the load will 
come to rest due to the gravitational decelerating 
effect and then, without shlfing of the lever In 
the slot 257 , it would tend to reverse Its direc- 
iu tion of rotation. As soon as the direction of 
rotation changes the hoisting engine commences 
to operate as a compressor, builds up pressure 
in the high pressure main and brings the load 
to rest when the pressure in the high pressure 
15 main has reached a value equal to the torque of 
the load. It Is possible to control the decelera- 
tion of the load at will by controlling the lever 
2 53, either by moving the lever toward the slot 
257 , or across the slot to set the engine valve 
20 cams for reverse direction, or in one or the 
other of the two slots 255 — 256 to cause the en- 
gine driven compressor to build up pressure in 
the high pressure main to drb'e the load in the 
opposite direction. 

25 fn the case of a load, such as a train of cars 
running on a level track, the retarding force Is 
not a constant like the force of gravity bur de- 
creases as the speed decreases until It finally 
reaches zero at zero train speed and then does 
30 not reverse its direction of travel as In the case 
of a weight being hoisted. Because of these con- 
ditions, the braking action In the case of a loco- 
motive is obtained by reversing the valve gear 
of the air engine, thereby changing the functions 
35 of the air engine to an air compressor. In tha 
case of a hoisting load the mere change of the 
direction of travel of the load, due to the action 
of gravity, causes the engine 2D to cummer . to 
operate as a compressor, 

lb The principles of the present invention e ;■ . 
applied to a power system which affords r. 
erative braking. Such a system Is Illustrated in 
Figure 40. In this figure a low pressure main is 
Indicated at 360 . The pressure in this me.::, is 
45 maintained at a constant value of. say. 100 pc- d ; 
per square inch absolute by an auxiliary co n- 
pressor 361. A constant speed electric m lor 
362 drives a compressor unit 363 that receives 
air from the low pressure main 360 and dis- 
charges into a high pressure main 364 . A po or 
unit 20. of the same construction as the un 1 ' 1 
of Pi jure 1, receives air from the high pres • 
main and discharges into the low pressure nr 
_ said unit 10 operating in the same manner s.: 
does the unit 20 of Figure ’ . and including a gov- 
erning and reversing device 22 which receives 
air from the high pressure main through a di- 
rection controlling pilot valve 268, of the sa.ac 
HO constructlon a-s the pilot valve 268 of Figure 21. 
The shaft 252 of the direction controlling pitot 
valve 233 is manually operated by a hand Is or 
366 independent of the controller handle. The 
engine unit 363 Is of a construction substantially 
65 identical with that of the unit 20. differing the. e- 
from only In that pneumatically controlled v i- 
loader valves and pneumatically controlled anc- 
illary valves are provided for a purpose to be 
more fully set forth as this description proceeds. 
70 It is sufficient here to state that when the load 
is being driven the unit 363 operates as a com- 
pressor driven by the electric motor 362 to sup. ly 
pressure to the high pressure main 334 and that 
during regenerative braking the unit 333 act as 
75 a motor, driven by pressure In the high press, re 
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main to drive the dynamo electric machine III upwardly by a spring 111 to its inoperative posi- 
as a generator to supply electric energy to the ion and moved downwardly by pressure as ap- 

electrie line connected to the machine 161. plied through a tube 37 9. When the pressure 

The unit 381 always rotates in the same direc- moves the piston downwardly against the action 
tion but is provided with a valve gear reversing 8 of the spring 377 the piston moves a prong or 
device 11 of exactly the same construction as group of prongs into engagement with the spring 
that of the unit 18 which, when set in one direc- seated automatic valve and holds it in its open 
tion, causes the unit 183 to operate as a motor, position. 

and when set In the other direction causes it The tube 37 9 is connected to the tube 16a, as 
to operate as a compressor. The governing and ,0 shown in Figure 41, that leads from the particu- 
reverslng device 11 is controlled by a direction l»r cylinder o! the engine, to the controller 15'. 

bontrolllng pilot valve 188* like the direction con- Thus when the controller 15’ Is set so that at- 

trolling pilot valve 188 of Figure 27. The direc- mospheric pressure is applied to a particular tube 
tion controlling piston rod shaft 153 of this pilot 16a the valve 370 of the corresponding engine 
valve Is controlled by a hand operated lever 15 cylinder Is maintained open by its spring 371 
388'. and the unioader 375 on the low pressure side 

The system of Figure 40 includes also a con- of that cylinder is maintained inoperative by 
troller 15' similar to the controller 15 of Figure spring 377. That cylinder of the engine then 
27. The controller has a neutral position from operates as a compressor cylinder. If it is da- 
which it is movable In one direction to actuate iO sired to disable that cylinder the controller 15' 
the brake cylinder 290 in a manner illustrated is moved to a position to apply pressure to a cor- 

ln Figure 30. and Is movable In the opposite responding tube 16a. This pressure automati- 

dlrectlon to progressively release pressure from caliy causes the valve 370 to close, thereby clos- 
fourteen pilot valves 281 similar to the pilot ing off communication between the correspond - 
valves 281 of the controller of Pigure 26. When -J5 ln 8 cylinder 31 and the high pressure header 
the pressure is applied to the pilot valves 2S3 it 44. At the same time the unloader valve 373 
Is transmitted through the respective tubes !Sa holds open the automatic valve controlling com- 
to unloaders and pneumatic valves of the engine munication between the low pressure main and 

363. the cylinder 31 so that the cylinder 31 merely 

The pneumatically controlled valves of the en- 30 idles, 
glne 363 are illustrated In Figures 41, 42 and 43. A description will now be given of the mode c f 
In Figure 41 the high pressure header is indl- operation of the. system of Figure 40. The el~e- 
cated at 44 and the low pressure header -:.t trie motor 362 is operating at a constant speed. 
48, said headers being connected respectively Assume that It is desired to operate the unit 
through pipes 43 and «3 to the high pressure 35 as a motor. The controller handle 253 is mov. a 
valve head 41 and the low pressure valve head to progressively release the pressure on the dlf- 
42 of one of the engine cylinders in the same ferent pilot valves 233 thereby progressively re- 
manner as In the engine 28. as illustrated In leasing pressure from successive tubes 16a * :c< 
Figures 2, 5 and 6. except that a pneumatically releasing the unloaders 375 of the cylinders. T.,’s 
operated valve 370 is Interposed between the high 40 permits the automatic valves on the low press 
pressure header 44 and the pipe 43. The valve side of those cylinders to function. At the s.v.,e 
370, illustrated more fully in Figure 42, is main- time the release of pressure from the line 13a 
talned normally open by a compression spring 371 causes the valve 370 of the corresponding cylin- 
and Is adapted to be moved to a closed position der to open and remain open. The cylinder then 
by the application of pressure to a cylinder 372, 45 operates as a compressor under the action of f 
which pressure acts on a piston 373 to close the automatic valves and takes air from the low p; . 
valve. Once the pressure is released in the cyl- sure main 360 and delivers it to the high pro.- 
lnder 372 the valve automatically opens under sure main 364. At that time the opening and 
action of the spring 371. Pressure is applied to shutting of the mechanical valves of the unit 3 53 
the cylinder 372 by way of a tube 374 which 50 as controlled by the governor 22 is of no effect be- 
connects to the tube 16a. When the pressure in cause the automatic valves of that unit open a 
the tube 16a that leads to the cylinder illustrai ; 1 advance of the mechanical valves. The unit . 

In Figures 41 and 42 Is reduced to atmospheric thus acts as a compressor delivering air to < v.e 
pressure, the spring 371 opens the valve 373 and high pressure main to operate the unit 20. It is 
permits direct communication or air flow from thus apparent that during normal operation, 

the header 44 to the pipe 43. while the engine 20 Is driving the load, the opara- 

Each working cylinder of this engine is pro- tion is the same as that of the system of Figure 
vided with mechanically operated high pressure 1, the controller 15' determining the number ' 
and low pressure valves and with automatically cylinders of the unit 353 that are in service, th-;:: 
operated high pressure and low pressure valves ttf) determining the rate of air delivery to the huhv 
the same as the engine of Pigure 2, and operated pressure main, which in turn determines ths 
In the same manner. In addition the automati- speed of operation of the engine 20. The hand 
caliy operated low pressure valve of the engine lever 366 controls the reversing pilot valve 268 
cylinder 3i Is provided with an unioader 375 to determine the direction of rotation of the e .- - 
which may be of any desired construction as, for r,5 gine 20 Therefore it is not necessary to have th j 
instance, one such as shown m Mechard- two slots 253—23 3 of Pigure 32. 

cal Engineers Handbook, third edition, page 1373. For non-regenerative braking action the co. - 

As previously stated, th<? automatic valve con- troller is brought to the neutral position which 
sists of one or more rings or discs seated by a will give the maximum braking effect and may 
1 g t spring and arranged to open when the 70 then be moved backward from that position to 
pressure n the cylinder 31 drops slightly below control the braking cylinder 290 in the manna 
the pressure in the low pressure main or low previously described, to produce a diminishing 
pressure valve head. The unloading device is braking action. To effect this braking action the 
arranged to maintain the automatic valve open hand lever ‘555 may or may not be moved to r >- 
mechanlcally, and consists of a piston 573 pressed 75 yerse the valve gear of the engine 20, depending 
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upon the type of load involved, as in the system . train. .The handle of the controller 15' is tf- ri- 
ot Figure 1 as previously described. porarily moved to the. end position where the 

An explanation will now be given of the mar brake release piston. 291 is fully depressed. Tr.e 
. ner of operation of the system of Figure 40 for reversing cylinders 268 — 268' are. reversed, and 

regenerative braking. This braking may be of 5 then the controller is brought back to a position 

either of two types, namely, the regenerative the same as the position it previously occupied 

braking necessary to prevent or control accelera- In that position of the controller the slightest 

tion of a load as. for Instance, a train of cars .deceleration of the train will cause its engine 

on. a decline, or to effect-a deceleration of a load . 20 to deliver less air to the unit 383 and thus the 

as, for instance, a train of cars on level ground. 10 braking, effect would be less. The controller is 
During regenerative braking the unit 363 must then moved back one step to reduce the numb' , 
operate in the same direction as before, but now of cylinders of the engine 363 in service. Thin 
it must drive the machine 362 as a generator in- causes the unit 363 to take less air than is d^jj 

stead of being driven by that machine as a motor. livered to the high pressure main by the engine 

The. unit 363 must therefore act as a motor dur- 15 20, with. a result that the pressure in the mam 
. lag regenerative braking ' whereas previously it 361 tends to rise and therefore this pressure 

acted as a compressor. To permit the unit to act drives the unit 363 as a motor to drive the mot :. 

• as a motor it is necessary to reverse the valve gear 362 as a generator for regenerative braking. As 

thereof. This is done by. actuating the reversing this regenerative braking continues the train at - 
pilot valve 268' by the handle 388'. The unit 883 20 celcrates. until ultimately it reaches a speed equal 
may now act as a motor. The reversing valve to the speed, set for it by the controller 15'. At 
handle 366 that controls the unit 20 is then set this time all of the air supplied by the unit 23 
to cause that unit to act as a compressor, rather flows to the unit 363 to operate it for regeneraV 

than as a motor. The handles 368 and 366' are braking. As the train- decelerates further and d. 

actuated while the controller 15' is temporarily 25 creasesthe rate. of air supplied to the main 350. 
moved to its fully brake released position. The " ithout a corresponding decrease in the rate of 
controller (5' is then brought back to a position air consumption by the unit 363, the pressure 
corresponding to the position of the then speed of the .main 860 commences to drop thus reducing 
the load. As the load accelerates, or tends to ac- the braking effort. The controller 15' is then 
celerate, it forces more and more air into the 30 moved back one step to. decrease the number of 
high pressure main, which- alrds taken from the cylinders of the unit 363 taking air from th ■ 
main by the unit' 383' operating as a motor. If main 360, which again causes the pressure in 
the train should accelerate- notwithstanding this the main 360 to rise. This, action is continued, 

braking action, one' of two things will happen. the controller 15' being progressively moved 1; -./ . 

Either the pressure will build up to the maximum 85.. towards the neutral position as the train ccr.- 
vaiue as determined by the safety valve 13. and tinues to decelerate. g 

then bleed from the high pressure main to the From the above description it is apparent tin.'' 

low pressure main through the safety Valve or, as th._ system of Figure 40 may be used for roger..- - 

the pressure builds up and the braking effect in- tiv.j braking of other types of loads such as. 

creases the train will daccteraia to a new 4° in -'wee,- a hoist. 

as determined by the permitted- rate Df air at In the power systems thus far described ' ./ 

flow through the unit SS3. ' If the- pressure builds nn- :imum- and minimum design pressure lir;:.t-; 

up to more than 600 pounds per square inch ab- are so chosen that the maximum temperatures 

solute, which is the assumed setting of the safety are limited. • With- an initial outside air temp: / sw 

valve, it is desirable-to set'the controller to re- 45 tur ■ cf 60° F. and a pressure range from : i 
lease more of the unloaders Of 'the unit Z~,3 to pounds per square inch ab.volute to 600 pounds ;• 

take more air from the high pressure- main thus square inch absolute the temperature ;un. 

increasing the regenerative action and avoiding under adiabatic conditions, will be from CO ' 

wastage of energy by the transfer Of air through to 410° F. If desired the system may be designed 
the safety valve. More cylinders of the unit 363 *0 to operate at a pressure cycle from 300 pounds 
can be brought into action by shifting the h, .: .1 per square Inch absolute in the low pressure r. : 
lever of the controller IS' to actuate more o; h e to C00 pounds per- square inch absolute in 

pilot valves 282 to release- more of the unlo/.-Cer hi;/: pressure main. With such a pressure ran 

valves ’if. Tftha rate of air consumption by tee the temperature range during adiabatic comp/; 

unit 383 as determined -by the number of its re- 65 sion and during adiabatic expansion, assumir. 
leased unloader valves is greater than the rate an initial air temperature of 100° F., will be 
of air delivery by the nnit 21 to the high pressure between 100°- F. and 220° F. This is an appre: 1 
main, the pressure- in 'that main will tend to drop abL lower temperature range than obtained wi: ... 
permitting- an acceleration of the train to in- ope. ating through a pressure cycle between : 
Cims? th? mtS'bf :?.ir 'd?® livery tn - *Vw» v^io-v, *n *>;«<;. -jd-i ner sntiaro in-i*h ~nci SCO pou;!-. - 

sure main until an equilibrium point is reac'uid Pe: square. inch absolute. Therefore, when op//- 
which will then determine 'the amount of regc.i- atii z between 300 pounds per square inch ah- 
erative braking present. On the other hand, if solute and 600 pounds per square inch absolute 
the rate of air consumptiod by the unit 353 is l'e:\-; It is possible to add heat from an external sour- , 
than 'the rate 6f air delivery to the high pressure M to ralsa the temperature cf the air in the h : .. : 
main by the unit 23. the pressure will tend to rise pr; ■ vxe malrl another ISO* before a temperate 
-which will automatically Increase the regene//- of ‘‘1'-'° “A is reached. An !::c; ears in tempera tv : •/ 
tive braking '4fforl and* decelerate 'the train to a irj - - 220 ° p - to 410” F. is the same as an increr..-..- 
new speed, at-whiclrthe T»te of air delivery by from '680° F. absolute, to 870° F. absolute. As- 
the nnit' 20 to' the high pressure main exactly 70 sinning that, while heat Is added from the e;fo 
equals the rate' bf air consumption by the high tenv/.l-source, the pressure is unchanged by per- 
preesnre main. milling, an increase in volume, the volume 

'Assume now*, that) -a load, such- as a' train, 1/ be 1; -.creased by 'this heat addition in the rati-, 
operating at a- level trsck and it is'dt-sired tci -/;:/ o? 67 to 07. Hence, if this system of heating 
■the- I'-jgcHertitiva.lTrskia!'-? to decelerate or'stop+';e 75 u.:-- ' in. addition to. the: a/wiprcssion from 2-.ib 
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pounds per square Inch absolute to 600 pounds 
per square Inch absolute, the capacity of the air 
compressor unit can be reduced In the same ratio, 
or can be reduced to 78% of the capacity that 
is required where heat from an external source 
Is not added. Against the saving In capacity 
of the air compressor unit there must be debited 
the cost of equipment for raising the air tem- 
perature after compression and equipment for 
cooling the air temperature to 100* F. after It 
has been expanded in the compressed air engine. 
| While the above description has been directed 
Id a system operated between a variable high 
pressure and a fixed low pressure. It Is possible 
to operate the system between a fixed high pres- 
sure of 600 pounds per square inch and a fixed 
low pressure of, say, 100 pounds per square Inch, 
or 300 pounds per square Inch, as pointed out 
above. In a system designed to operate between 
fixed upper and lower pressures the power output 
of the engine is changed by changing the point 
of admission cut-ofT. The exhaust valve of the 
engine would then consist of an ordinary flutter 
valve which would open as soon as the air In 
the engine cylinder has been expanded to the 
fixed minimum value, namely, the pressure in 
the low pressure main. 

As an alternative to either of the above ar- 
rangements it Is possible to operate the system 
of Figure 1 between a fixed high pressure of, say, 
600 pounds per square Inch and a variable low 
pressure. Under those conditions the high pres- 
sure main would be of a comparatively high 
volumetric capacity and the low pressure main 
would be of a comparatively small volumetric 
Capacity. The admission valves of the engine 
■f Figure 2 would be operated to give a cut-off 
m 24%, which Is the cut- oil at 6C0 pounds as 
determined from Figure 7. By changing the 
point of opening of the exhaust valves It Is fea- 
sible to get the desired low pressure range. Under 
such circumstances the constant pressure main- 
taining apparatus of the auxiliary compressor 10 
of Figure 1 would be omitted. Since the volu- 
metric capacity of the low pressure main would 
be made very small the pressure in the low pres- 
sure main would be determined by the point of 
opening of the exhaust valves. If, for Instance, 
the exhaust valve is opened after the gas In the 
cylinder has been expanded from 600 pounds to 
only 500 pounds, the remaining energy of the 
gas would not be lost because the pressure in f 
low pressure main would quickly rise to KcO 
pounds and thus reduce the amount of work re- 
quired of the compressor unit to raise the pressure 
to 600 pounds. 

In the description of the system Illustrated 
In Figure 40 It was shown that air under pres- 
sure on be transmitted from the unit 3*3 to 
She unit 23 In variable amounts and that ’ey 
proper setting of the reversing devises air can be 
delivered by the unit 23 to the unit 303 In vari- 
able amounts and that each one of the units 
363 and 20 can operate either as a compressor 
when It Is mechanically driven, or as a motor when 
It receives air under pressure. The load 21 can 
be replaced by a source of power to drive the 
shaft 33, operating the unit 23 as a compressor 
to deliver air to the unit 383 operating as a motor 
to drive a load. If the unit 20 Is driven at a 
constant speed the amount of air delivered there- 
by Into the high pressure main Is constant. The 
speed of the unit 3S3, as previously described, 
will be determined by tho number of Its cylinders 
in service a? determined by the position of the 
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handle on the controller IB'. It has previously 
been pointed out how the handle of the con- 
troller 15’ may be manipulated to give a con- 
stant speed for the unit 383 at a variable air 
5 Intake. The controller IB - may also be manip- 
ulated to give a variable speed of operation 
of the unit 3S3 when the amount of air supplied 
thereto by the unit 20 Is constant. Assume that 
the unit 20 Is driven at a constant speed, dellver- 
10 ing a constant amount of air to the high pres- 
sure main, and the unit 363 Is driving a load 
which may be operated at different speeds such 
as, for Instance, a hoist, or a locomotive load. 
Under such circumstances when the controller 
15 15' Is set to release the unloader valve of only 
one cylinder of the unit 363 the amount of air 
taken by the unit per revolution of its crank 
shaft is small, hence the pressure in the main 
384 will build up thereby increasing the speed 
2 o of the unit 363 until Its speed is such that the 
rate at which It withdraws air from the main 3S4 
equals the rate at whlcn air Is delivered to that 
main by the unit 20. If the controller Is then 
set to release the unloader valves of two cylinders 
25 the unit 383 will thereupon commence to take 
twice as much air per revolution thereof and 
the pressure In the main 364 will therefore com- 
mence to drop, thereby dropping the speed cf 
the unit 363 until new equilibrium conditions 
JO are reached, at half the speed that prevailed 
when only one cylinder Is In service. Thus, prfs 
gresslvely increasing the number of cylinders of 
the unit 363 that are In service will progressively 
decrease the speed of the unit 3S3 . in a mar.rr 
25 which Is apparent from the description previously 
given. From the above description It may be 
seen that in a system employing two units such 
as the unit 323 and the unit 23, either unit :: y 
be driven at a constant speed to drive a 1. j 
•JO at a variable speed, and that the variation, 
the speed of the load may be obtained by •■- 
leasing unloader valves on the unit that is act- 
ing as a motor or on the unit that Is acting as a 
compressor. 

45 The relationships of the speeds of the u: 

23 and 283 may be expressed mathematically 
follows: Assume that Si and Sz are the speed., 
the units 363 and 2 0, respectively, and that 'h 
and Ni are the number of cylinders In service in 
50 the units 363 and 20, respectively. The product 
of Si and Ni bears a direct relationship to ‘b. • 
amount of air flowing through the macnlne ’ • 
and the product of Sz and Nz bears a direct r.H- 
tlonship to the amount of air flowing throng 1 . 
55 the machine 20. Since the amount of air flow- 
ing through the two machines is the same, it 
follows that the product of Si and Ni is directly 
proportionate to the product of Sz and Nz. T 1 .-- 
following - eouatlon may therefore be written: 
eo 

SiNi=kSzNj 


in which k Is a constant. Therefore 

by s ? 


70 


73 


Sj= k 


s,.v, 

A r r 


It is therefore apparent that the speed of eithe 
machine can be controlled either by control!!.' 
the speed of the other machine or by controllh 
the number of cylinders in operation on eith- 
er both of the machines. The number of cy. 
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tnders in operation in either one of the machines and means responsive to thepre&sure in said one 

may be held constant and tire ratio main for regulating the engine valves in such re- 

^ latiomhip ' j the pressure in the high pressure 

main that the air dn. the engine cylinder during 
‘ 3 5 the compression stroke will have been compressed 

changed by actuating or releasing more or less ' to the pressure of the high pressure main at the 
of the unload era of the other machine. commencement of the opening of the intake 

It is apparent that the principles of the pre- valve, 

sent invention are of wide applicability and are 3. A power transmission including a high pres- 

particuJarly suited to the power requirements n, sure air main; a low pressure air main above st- 
for the draw- works of an oil well drilling rig or mospheric. pressure, a reciprocating air engin| 
for the requirements for driving a vehicle such having intake and exhaust valves receiving 
ias, for instance, a train of cars, an automobile. from the high-pressure main and discharging ufl| 
or seacraft. In the case of a unit used for the low pressure main, an air compressor recei* 
-driving an automobile the present system dis- jg ing air from the low pressure main and discharg- 
peases with the usual clutch, speed changing ing into the high pressure main, means for maln- 

■ gears, reversing gears, and foot brake. tainlng the pressure-in one of the mains constant, 

As previously pointed out the air circuit of means for altering the pressure In the other 
the present system is a closed circuit, the same main, whereby the engine operates between a 
air circulating over and over again through the 2Q fixed and a variable pressure both above atmos- 
high pressure main, the motor, the low pressure pheric pressure, means controlled by the pressure 
main, and the compressor, back to the high pres- in the variable pressure main I or regulating the 
sure main. The medium “air” is used because termination, of the engine exhaust in such rela- 

that is the most read.ly available gas. How- tionship to the pressure in the variable pressure 

ever, a different gas may be used if desired, in main that the air in the engine cylinder during 

■ which case the auxiliary compressor 10 would ~ the remainder of the exhaust stroke will have been 
take gas not from. 1 the atmosphere but from a compressed to the pressure of the high pressure 
suitably provided source. As previously pointed ma in at the commencement of opening of the ln- 
out, when operating at a low pxessure of 100 take valve. 

pounds per square inch absolute the rise in tern-. 4 . a power transmission system including a 

peratureof the gas during compression limits the compressor unit, load driving means comprising 
upper pressure to 600 pounds per square inch. an air engine of the type capable of operating also 
With a gas other than air different upper limits as a compressor, a high pressure main connect- 
may be utilized. It is therefore to be understood ing the high pressure sides of the compressor and 

that other gases which can be compressed and the engine, means for disabling the compressor 

expanded while remaining in their gaseous stage unit when the engine is operating as a compre|g| 

at the pressures and temperatures involved may sor to brake the load. -throttling means to vary tjr? 

be used as the equivalent of air in the system pressure in the high pressure main, and mnnun, 

illustrated and claimed. Jy operated brake regulating means for variably 

In compliance with the requirements of <,he„ 40 positltming the throttling means for variably d‘-*- 
patent statutes I have here shown and clescri; .1 charting air from the high pressure main ami 
a few preferred embodiments of my invention, thereby varying the pressure in the high pros- 
it is, however, to be understood that the inven- sure main and the braking effect of the engine on 
tion is not limited to the precise constructions the load. 

here shown, the same being merely illustrative of 4-, 5. A power transmission system including a 

the principles of the Invention. What I consider compressor unit, an air engine of the type c.t- 
new and desire to secure by Letters Patent is: pable of operating also as a compressor, a high 

1. A power transmission including a high pres- pressure main connecting the high pressure sides 

sure air main, a low pressure air main, an air of the compressor and the engine and a low pres- 
engine receiving air from the high pressure main 50 sure main connecting the low pressure sides of 
and discharging into the low pressure main, an the compressor and the engine to constitute a 
air compressor receiving air from the low pro.-- closed air system, means for maintaining the 
sore main and discharging into the high press v -• pressure in the low pressure main substantially 
main, means for maintaining the pressure in ■ •> above atmospheric pressure, a controllable by- 

of the mains constant and the pressure in bo ,h 55 pass between the two mains, throttling means to 


mains above atmospheric pressure whereby the 
engine operates between upper and lower pres- 
sures both above atmospheric pressure, said mains 
and compressor and engine forming a closed air 
system, and means for varying the pressure in the 
other main to vary the engine torque. 

2. A power transmission including a high pres- 
sure air main, a low pressure air main, an air en- 
gine receiving air from the high pressure main 
and discharging Into the tow pressure main, r.u 
air compressor receiving air from the low pre.. - 
sure main and discharging into the high pressure 
main, means for maintaining the pressure in the 
low pressure main - above atmospheric pressure 
whereby the engine operates between upper and 
lower pressures both above atmospheric pressure, 
said meins and compressor and engine forming 
a closed air system, means for varying the pres- 
rura In one of the raairrj to vary the engine toriju ;, 


vary the pressure in tue high pressure main, and 
manually operated means for variably position- 
ing the throttling means for variably opening thr 
by-pass between the two mains to vary the pres, 
60 sure in the high pressure main and thereby va: 
tlie bra’ Lng effect of the engine on the load. v 
6. A power transmission system including c 
compressor unit, an air engine of the type capable 
of operating also as a compressor, a high pressure 
65 main connecting the high pressure sides of the 
compressor and the engine and a low pressure 
main connecting tho low pressure sides of the 
compressor and the engine to constitute a closed 
air syst. m, and . a controllable by-pass between 
70 the two mains, means for disabling the compres- 
sor ur.it when the engine is operating as a com- 
pressor, throttling means to vary the pressure in 
the high, pressure main, and manually operated. 
Kmns for variably . -positioning the throttling 
73-fcecas f„r> variably opening tho by-pass between 
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the two mains and thus to vary the pressure in 
the high pressure main thereby varying the brak- 
ing effect of the engine on the load. 

7. A power transmission including a high pres- 
sure air main, an air compressor unit discharging 5 
into the high pressure main, an air motor re- 
ceiving air from the high pressure main at sub- 
stantially the same rate as the rate of output of 
the compressor unit, at least the compressor unit 
Including a plurality of cylinders, and manually 10 
operated means for changing the speed of the 
motor in relation to the speed of the compressor 
unit Independently of the torque required of the 
motor, said means including means on a station- 
ary portion of the said compressor unit for se- 15 
lectlve’y disabling the cylinders thereof to alter 
the relationship of its speed to the speed of the 
motor and thereby increasing the maximum 
torque available to the motor. 

8 . In combination, a first air engine, a second 2 o 
air engine, a high pressure main connecting the 
high pressure sides of the two engines, each of 
said engines being of the type capable of operat- 
ing by air pressure as a motor and operating as 

a compressor when mechanically driven, means 25 
coupled to the first engine to drive It as a com- 
pressor and to be driven by it when the said first 
engine operates as an air motor, said first en- 
gine having valve gear, means for reversing the 
valve gear to change said first engine from mo- 30 
toring to compressing while retaining the same 
direction of rotation, at least the first one of said 
engines comprising a multicylinder engine hav- 
ing manually operated means for changing the 
speed of the motor in relation to the speed of the 35 
compressor independently of the torque required 
of the motor, said means including means on a 
stationary portion thereof for selectively dis- 
abling the cylinders of the compressor unit to 
alter the relationship of Its speed to the speed of 40 
the motor and thereby increasing the maximum 
torque available to the motor. 

9. A power transmission including a closed cir- 

cuit having a high pressure air main and a low 
pressure air main and means for maintaining the 43 
pressure in the entire circuit above atmospheric 
pressure, a multi-cylinder reciprocating air en- 
gine receiving air from the first main and dis- 
charging into the second main, said engine in- 
cluding mechanically operated Intake and ex- 60 
haust valves and having also means for maintain- 
ing the pressure within the engine cylinder be- 
tween maximum and minimum limits substan- 
tially equal to the pressure in the respective 
mains. 55 

10. A power transmission including a closed 
circuit having a high pressure air main and a low 
pressure air main and means for maintaining the 
pressure in the entire circuit above atmospheric 
pressure, a muitl- -ylinder reciprocating air en- CO 
glne receiving air from the first main and dis- 
charging into the second main, said engine in- 
cluding mechanically operated Intake and ex- 
haust valves and having also means for maintain- 
ing the pressure within the engine cylinder be- 65 
tween maximum and minimum limits substan- 
tially equal to the pressure in the respective 
mains, said means comprising valves paralleling 
the mechanical valves and operated by the dif- 
ferences between the pressure in the cylinder and 70 
In the respective mains. 

11. A power transmission including a dosed 
system having high and low pressure air mains 
and means for maintaining the pressure in the 
entire circuit above atmospheric pressure and a 73 
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multi-cylinder reciprocating engine receiving air 
from the high pressure main and discharging 
Into the low pressure mam, means responsive to 
a rise of ressure in the engine above that of the 
high pressure main for opening an air How path 
between the engine cylinder and the high pres- 
sure main, and means responsive to a drop in 
pressure in the engine cylinder below that of the 
low pressure main for opening an air flow path 
between the engine cylinder and the low pressure 
main. 

12. A power transmission Including high and 
low pressure air mains and a reciprocating engine 
receiving air from the high pressure main and 
discharging into the low pressure main, means re- 
sponsive to a rise of pressure In the engine above 
that of the high pressure main for opening an 
air flow path between the engine cylinder and 
the high pressure main, means mechanically op- 
erated by the engine phton lor controlling the 
engine cut-off, means responsive to a drop In pres- 
sure In the engine cylinder below that of the low 
pressure main lor opening an air now path be- 
tween the engine cylinder and the low pressure 
main, and additional means mechanically oper- 
ated by the engine piston for controlling the ter- 
mination of the engine exhaust action. 

13. A power transmission including high and 
low pressure air mains and a reciprocating en- 
gine receiving air from the high pressure main 
and discharging into the low pressure main, 
means for varying the pressure in one of the 
mains to vary the engine output, means respon- 
sive to a rise of pressure In the engine above that 
of the high pressure main for opening an air flow 
path between the engine cylinder and the high 
pressure main, and means- responsive to a drop 
in pressure in the engine cylinder below that of 
the low pressure main for opening an sir flow 
path between the engine cylinder and the low 
pressure main. 

14. A power transmission including high and 
low pressure air mains and a reciprocating en- 
gine receiving air from the high pressure main 
and discharging into the low pressure main, 
means for varying the pressure in one of the 
mains to vary the engine output, means respon- 
sive to a rise of pressure in the engine above that 
of the high pressure main for opening an air flow 
path between the engine cylinder and the high 
pressure main, mechanically operated means con- 
trolled by the engine piston for controlling the 
engine cut-off, means responsive to a drop In 
pressure In the engine cylinder below that of the 
low pressure main for opening an air flow path 
between the engine cylinder and the low pres- 
sure main, and additional mechanical means con- 
trolled by the engine piston for controlling the 
termination of the engine exhaust action. 

ALLEN M. ROSSMAN. 

REFERENCES CITED 


The following references are of record in the 
flie of this patent: 

UNITED STATES PATENTS 


Number 

Name 

Date 

277,795 

Shone - - . . 

May 15. 1883 

767,027 

Wilkinson 

Aug. 9, 1904 

1,017,635 

Wilkinson 

Peb. 20, 1912 

1,116,346 

Macfarren _ - . 

Nov. 3, 1914 

1,374,154 

Mueller _ 

Apr. 5, 1921 

1,738,121 

Schramm - 

Dec. 17, 1929 


(Other references on following page) 



161 


2 , 4 * 6 , 98 * : 



43 



44- 


UNITED STATES 

PATENTS 

Number 

Name>'. 

Date 

Number 

Name 

Date 

2 ,210.323 

Rei dinger 

. Aug. 6, 1940 

1,774,293 

Schottellus 

Aug, 26, 1930 

2 219,967 

Thiry _ 

Oct. 29, 1940 

1,804,873 

HolTmann .. . 

May 12, 1931 

.,225,518 

Blasig •„ 

Dec. 17, 1940 

1,828,958 

Bruckner 

Oct. 27, 1931 5 

2,258,001 

Chamberlain .. 

. Oct. 7, 1941 

1,829,261 

Bruckner 

Oct. 27, 1931 

2,274,339 

Loomla i _ 

Feb. 24. 1942 

1,907,326 

Lamley _ 

May 2, 1933 

2,298,222 

McShane 

- Oct. 6, 1942 

2,049,078 

Otis 

July 28, 1936 


FOREIGN PATENTS 


2,074,618 

Roeder 

Mar. 23 1937 




2,120,548 

Burt 

June 14 1Q1A 10 

Number 

Country 

Date 

2,123,306 

Hood 

July 12,’ 1938 

514 

Great Britain 

Jan. 8. 1910 

2,171,672 

Plummer 

Sept. 5, 1939 






162 


Jan. 3, 1961 yoshikazu taga 2,966,776 

PNEUMATIC POWER TRANSMISSION SYSTEM 

Filed March 22. 1957 3 Sheets- 5heet 1 















165 


United States Patent Office 


2 , 966,776 

Patented Jan. 3, 1PG1 


2,966,776 

PNEUMATIC POWER TRANSMISSION SYSTEM 

Yoshikazu Tafia, 29 5-chome. Higs.shl-dori, Sakurazuka, 
Toyonaka-shi, Osaka, Japan 

Filed Mar. 22, 1957, Ser. No. 647,782 

Claims priority, application Japan Mar. 26, 1956 

1 Claim. (Cl. 60—12) 


The invention relates to a pneumatic transmission sys- 
tem using as it-' medium compressed air recirculating in 
a closed circuit. 

Conventional pneumatic power transmission systems, in 
which one or more pneumatic motors are driven by com- 
pres-cd air to transmit power to the driven machine are 
normally of very low efficiency. This unfavourable 
efficiency is, first attributable to the fact that the adiabatic 
compression of air gives rise to a temperature increase 
therein. T he heat quanti'v consumed in the temperature 
increase is, nowever. dimipaied by radiation in the course 
of being .-.''u cv.-.l t .ough piping to the pneumatic motor, 
th»‘ !'.c compressed air acting as the working medium 
tor he motor loses considerable energy and there is a re- 
duction in the vo umc of the compressed air serving ;s 
the transmission medium, so that the energy to be spent 
in the pneumatic motor cylinder is correspondingly de- 
creased. With increase of the comprc ; sion ratio, this 
tendency will be further accentuated, as shown by the 
following data: 
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Next. 

the mechanical 

efficiencies 

of 1 

the 

compressor 

as well 

as of the pneum; 

itic motor 

must 

be 

taken 

into 

account 

Now assuming 

that tiie media 

mical effic 

iency 


of the compressor amounts to 90 r 7 and that of the pneu- 
matic motor be 8092, the resulting combined efficiency 
wil! be: 

0.9x0.8=0.72 

that is to -ay, it amounts to 729$. When the above 
given numerical va'ucs listed are multiplied by 729$, the 
following values are obtained: 

I I'll 

compression mi's . | 7 i .1 r : s j fl j 7 

ctTtcicncv. percent . j 01 i M i S 3 j so i8 ^ Ifl 

i_ I i i _i_ i_ 

Third, the aqueous humidity in the air must he ac- 
counted for. When air is compressed, the humidity con- 
tent contained therein will be liquidized anj separated 
ns so-cal’a.! drain therefrom resulting merely in a loss. 
The higher compression ratio, the larger becomes the 
amount separated. Further, leakage, piping and other 
losses must be considered. When these losses arc taken 
into account, the overall efficiency will be further de- 
creased from those listed above. 

In the pneumatic power transmission system accord- 
ing to the present invention, the exhaust port of the pneu- 
matic motor is connected through a piping to the suction 
port of the compressor, thus providing a closed circuit 
for the power transmission medium. Dy this procedure, 
the suction pressure of the compressor amounts to several 


atmospheric pressures or a multiple thereof and thus a 
satisfactory pressure diiTercncc will be easily obtained 
with a low compression ratio. T"his allows the employ- 
ment of a correspondingly smaller sized pneumatic motor 
5 and a lower compression ratio, thus avoiding the un- 
favorable efficiency caused by higher compression ratio. 
A smaller pneumatic motor provides a smaller area of 
sliding surface, which will, in turn, increase the efficiency 
by reducing friction loss. 

10 Now assuming that a compression ratio of 2 or lower 
is employed, the temperature rise will amount to less 
than 55° C. With this temperature, the temperature 
difference relative to the atmo -phene temperature i- 
small, so that in this case the radiation loss is also insig- 
15 nificant. On the other hand, the compressor sucks in affi 
having a relatively low temperature after dissipation of 
energy in the pneumatic motor cylinder. When these 
conditions are considered, the diiTercncc in temperature 
of the delivered air from the compressor relative to ut- 
20 mosphcric temperature will amount to only about 2 r - 
80° C. This condition ensures a relatively lower radia- 
tion loss, which may be of the order of. say. 59f . If the 
necessary heat insulation is made in' a satisfactory man- 
ner, the last mentioned energy lo s will be further de- 
25 creased. 

Now turning to the mechanical efficiencies, it may be 
assured, that those of compressor and pneumatic motor 
are expected to be about 90 92 and 909$ . respectively, 
based on the observation that the frictional surfaces are 
30 much smaller than in conventional systems of -imilar 
kind. The overall efficiency will be: 

0.9x0.9x( 1-0.05) = 0.77 

that is to say, 779;-. On the contrary theteto, with the 
55 known system, the friction loss may amount to as high 
as 109$ , because of the drain less already explained here- 
inbefore: With a compression ratio shat is. with the 
compressed air, 7 !;g./s:|. cm,, the overall efficiency hen 
into account of said friction loss will amount to: 

40 0.46x0.9-- 0.-41 (or 41T-) 

With the present invention, which employs a dosed 
circuit for the transmission medium, the same dry air i. 
recirculated therethrough without such a drain los- as well 
15 as appreciable lubricating oil lo s. 

When an efficiency ratio between the nose! and the 
known pneumatic power transm ssion > ■ . . : i is taken, 
the following value is thus found: 

77/41 =-= 1.8$ 

50 

which means a heavy increase ir. the transmit ion effi- 
ciency in the favor of the present invention. 

In an electric power transmission using a generator- 
motor combination, when assumed: 

55 Percent 

Efficiency of generator 90 

Efficiency of motors: 

(when employed a plurality o! smaller e’ectric 

motors) $0 

( ;0 (or alternatively, when fewer larger electric 

motors arc employed) S ' 1 

the required overall efficiency will be 

0.9 X 0.8 ~ 0.9 X 0 85 0 72-0.77 

' a T his value means that the power transmission system 
cording to this invention is almost equal in efficiency to 
the electrical system set forth above. 

On the other hand, the system according this in- 
vention can be more easily manufactured at a lower cost 
70 and provides a means for easier manipulation of speed 
within broader limits carried into effect by using a throt- 
tle valve, or alternatively by means of a suitable valve 
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mechanism. A further special feature of the present »>;- 
tern resides in that there is no trouble caused by over- 
heating, and the invention gives rise to compact design 
and the possibility of low speed running. 

Various further and more specific objects, features 
and advantages of the invention will appear from the de- 
scription given below, taken in connection with the ac- 
companying drawings diagrammatically illustrating by 
way of examp'c several embodiments of this invention. 

In the drawings: 

Fig. 1 shows a general arrangement of the first em- 
bodiment of the invention, in which the air compressor 
and the pneumatic motor are of the reciprocating type; 

Fig. 2 repiesents a similar view to Fig. 1, showing the 
second embodiment of the invention, in which the com- 
pressor is an axial turbo-compressor and the pneumatic 
motor of the reciprocating type of the turbo-type, as the 
occasion may desire; 

Fig. 3 shows the third embodiment of the invention, 
in which the engine and the compressor are united in a 
combined machine; 

Fig. 4 represents the fourth embodiment of the inven- 
tion, m which prime mover and compressor are con- 
structed as a free piston type diesel engine-compressor 
unit and an air heater is provided, the latter being 
adapted to heat the compressed air delivered from the 
compressor by the exhaust gases discharged from the 
engine. 

Now referring to the drawings there is shown a prime 
mover 1, preferably a diesel engine, which is coupled 
with an air compressor of the reciprocating type, the 
compressed air delivered from the latter being conveyed 
through piping 6 to a high pressure air reservoir 3. A 
pneumatic motor 4 of the reciprocating type is coupled 
with a suitable driven member, for instance, the driving 
axle of a locomotive The working air for the motor 4 
is delivered from the high pressure reservoir 3 through 
piping 7 and the discharged air from said motor is con- 
veyed through piping 8 to a low pressure air reservoir 5 
to be accumulated therein. The air is sucked by the 
compressor 2 through piping 9. The pneumatic motor 
4 is illustrated as larger in size than the compressor 2, 
because of the fact that the motor 4 is adapted to drive 
the driven member at relatively lower revolutions and 
thus with a larger torque as the occasion demands. 

For the sake of simplicity, the manipulating means in- 
clusive the valve means arranged in the pneumatic circuit 
has been omitted from the representations in the present 
and following drawings. The mode of operation of the 
present transmission system would be clear to those 
skilled in the art. when they read the above explanation 
in combination with the introduction hereinbefore dis- 
closed. 

In the second embodiment of this invention shown in 
Fig. 2, 1 denotes again a prime mover, preferably a diesel 
engine, which is. however, in this case coupled with an 
axial flow turbo-compressor 2, the delivery-side of which 
is connected through, piping 7 to a high pressure air 
reservoir 3. The working air for one or more pneumatic 
motors 4 of the reciprocating type is suppled from the 
latter through piping 8. The crankshaft of each motor 
4 is direct-connected to a member to be driven, for in- 
stance. a driving axle of a locomotive (not shown) as in 
the previous embodiment. The air discharged from 
said motors 4 is conveyed through piping 9 into a low 
pressuie air reservoir 6 to be accumulated therein and 
thence returned to the low pressure side of said com- 
pressor 2. thus completing the power transmission cycle. 
As an alternative measure, said one or more recipro- 
cating type pneumatic motors 4 may be replaced by a 
pneumatic motor of the turbo-type, or compressed air 
turbine 5, as shown in the lower part on Fig. 2. This al- 
ternative arrangement is especially suitable for driving 
of a machine having a higher running speed. These two 
arrangements are used to transmit a relatively large 
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power to the driven machine. The air reservoirs ar- 
ranged therein insure that the system will operate sub- 
stantially at a predetermined pressure level in case of 
load fluctuations. Because of the fact that the pneu- 
8 malic motor or motors employed in the present em- 
bodiment shown in Fig. 2 are of the reciprocating or al- 
ternatively of the rotary type, as the occasion may be, 
‘.he power transmission will meet simply and satis- 
factorily the special speed characteristics of the driven 
10 machine at issue. 

In the third embodiment of the invention shown in 
Fig. 3, 1 denotes one of the working cylinders of a diesel 
engine, in which a piston 2 reciprocates. The connecting 
rod 3 is operatively connected, as in the usual manner, 
15 with the crankshaft of the engine. T e piston 2 is 
formed in a stepped piston, the underside of which serves 
as a compressor piston. Fuel injection valve 4. suction 
valve 5 and exhaust valve 6 of the engine are ai ranged 
in the cylinder cover, while suction valve 7 and lehvery 
20 valve 8 of the compressor are mounted on the comoined 
cylinder 1. The air delivered by the compressor is con- 
veyed through piping 21 into a high pressure reservoir 9, 
as in the case of precedent embodiments, to be accumu- 
lated therein. 10 represents a working cylinder of a 
23 pneumatic motor of the doub’e-acting type, the auction 
sides of which are connected through piping 22 to said 
high pressure reservoir 9. The piston II is arranged to 
reciprocate therein and connected through piston rod 16, 
crosshead 17 and connecting rod 18 with a driven mem- 
30 ber, for instance, a driving axle of a locomotive. Suc- 
tion valves 12. 13 and exhaust valves 14, 15 are arranged 
in the cylinder 10 in the manner known per se. The air 
discharged from said pneumatic motor is conveyed 
through piping 23 into a low pressure air reservoir 19, 
35 to which is attached a small auxiliary air compressor 
20 serving for replenishing possible leakage loss and thus 
maintaining the pressure prevailing in the low pressute 
circuit at a predetermined value. 

In the present embodiment, the engine c.iindcr is 
40 combined with that of the air compressor as already men- 
tioned. the piston being formed in a stepped one. Fur- 
ther, the compression ratio of the compressor is selected 
at a relatively lower value, the pressure in thi ,ow r pres- 
sure circuit amounting to 10 kg./sq. cm. or higher. 

45 last mentioned feature makes it possible to employ a 
higher mean effective pressure of the compressor and 
thus a small size piston or pistons therefor. Based upon 
this feature, the utilization of underside of the eng"’.e 
piston as the compressor piston is realized in the pie::'.:':' 
50 embodiment. 

The working mode of the above mentioned system ... 
as follows: 

Air is charged by the auxiliary air compressor 20 into 
the low pressure reservoir 19 til! a pressure of. say 10 
65 kg./sq. cm. is reached. Then, the diesel engine is brought 
into running, thus the combined air compressor further 
compressing the air coming from said reservoir 19 to . n 
elevated pressure, say 20 kg./sq. cm. and charging it ir;‘"> 
the second reservoir 9. The air is thence deliver- i 
60 through piping 22 and suction valves 12. 13 to motor 
cylinder 10. by which the double acting piston 11 is 
reciprocated to and fro in said cylinder. Power is th 
transmitted through piston rod 16, crosshead 17 and con- 
necting rod 18 to the driven member, for instance, a 
55 driving wheel of a locomotive. The expanded air in tl: • 
cylinder 10 is discharged therefrom through deliver;' 
valves 14, 15 and piping 23 into the first or low pressure 
reservoir 19, thus completing the transmission cycle. 

In the present embodiment, no pow- is derived fro 
70 the crankshaft of the engine-compressor cornbinati: . 
and the crankshaft serves mainly for transmitting 
compressive forces caused by a set of p'nons array.. 1 
in a row, so that the shaft may be of smaller size and 
simpler construction as compared with that in a corre- 
75 sponding diesel engine of the same output. The era;;';- 
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shaft in this case may be more easily manufactured at 
a lower cost and have practically no troubles caused by 
torsional vibrations, shaft breakage and the like as in the 
normal plant. 

In the fourth embodiment of ihe invention illustrated 
in Fig. 4, 1 denotes the opposed pistons of a free piston 
type diesel engine and 2 represents air compressor pis- 
tons united therewith, thus constituting two stepped pis- 
tons. The outer sides of the larger pistons 2 serve as 
main compressor pistons, while the inner sides of the 
pistons 2 act as the scavenging air compressor ones. The 
engine pistons 1 reciprocate in the main cylinder 3, which 
is provided with a plurality of fuel injection nozzles 4. 
Each of the scavenging compressor cylinders is provided 
with a suction valve 5 as well as with a delivery valve 6 
as in the usual manner. A scavenging air cylinder 7 is 
arranged around the main engine cylinder 3 and made 
integral with said scavenging compressor cylinder. A 
plurality of scavenging ports 8 as well as exhaust ports 9 
are arranged, the latter leading through piping 19 to an 
air heater 13. The compressor cylinders 10 serve, as 
above mentioned, for the main compressors for working 
air as welt as for the auxiliary compressors to deliver 
the scavenging air for the engine. The main compressors 
are, as known per se. provided with suction and delivery 
valves 11 and 12 in the cylinder covers. The delivery 
sides of the main compressors are connected through pip- 
ing 20. air heater 13 and piping 21 to a high pressure air 
reservoir 17, which is, in turn, connected through piping 
22 to the suction side of a pneumatic motor of the re- 
ciprocating type IS or alternatively of the turbo-type 16, 
depending upon the speed characteristics of the machine 
to be driven (not shown). The air discharged from the 
motor 15 or 16 is conveyed through piping 23 to an inter- 
cooler 14. which is connected through piping 24 by way 33 
of a lower pressure air reservoir 18 or directly to the 
suction sides of the main compressors of the main cyl- 
inder. 

The mode of operation of the above mentioned em- 
bodiment is as follows: 

When the engine pistons 1 move inwards to compress 
the air supplied through scavenging ports 8 and arrive 
nearly at their inside dead points, the fuel is supplied 
through the fuel injection nozzles 4 into thus highly 
heated air in the engine cylinder 3, resulting in a com- 43 
bustion of the fuel. Thus generated combustion gases 
expand and drive the engine pistons outwards to initiate 
the expansion stroke. When the pistons are brought 
nearly at their outside dead points, the exhaust ports 9 
open to discharge the combustion gases and then the 50 
scavenging ports 8 are opened to introduce the scaveng- 
ing air accumulated in the air chamber 7 and thereby to 
drive the residual gases out from the cylinder through 
v.shauol ports 9. thus the combustion gases being almost 
completely replaced by the fresh air of a relatively lower 53 
pressure. During the expansion stroke of the engine, 
energy is transmitted from the combustion gases through 
engine pistons 1 to compressor pistons 2. which then 
compress the air in the main compressor chambers 10 
and deliver it through delivery valves 12. When the 60 
pistons arrive at their outside dead points, the com- 
pressed air contained in the clearance spaces of the com- 
pressor cylinders 10 pushes them back towards their in- 
side dead points to initiate again the compression stroke 
'? 'he engir.. the movement of the pistons being further 65 
assisted by the influence of the introduced compressed 
air through inlet valves 11 from the low pressure circuit 
of the system in the course of this compression stroke. 
Although not shown in the drawing, there is provided a 
suitable synchronizing mechanism, such as linkage or 
rack and pinion mechanism to insure the corrci ded, 
properly timed relations between both side pistons. The 
air compressed by the main compres;or pistons 2 in the 
cylinders 10 is conveyed through delivery valves 12 and 
piping 20 to air heater 13, wherein it is heated by the 
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exhaust gases discharged from the engine cylinder 3. On 
the other hand, the air introduced through suction valves 
5 from the atmosphere into the scavenging air cylinders 
during the expansion stroke of the engine, is compressed 
S by the opposite sides of said pistons 2 during the com- 
pression stroke of the engine and delivered through de- 
livery valves 6 into the air chamber 7 to be accumulated 
therein, said air serving as the scavenging air for the 
engine already explained hereinbetore. The compressed 
10 air heated, as abovementioned, in the air heater 13 in- 
creases in its temperature and pressure, and, after accu- 
mulated in the high pressure reservoir 7 if necessary, 
carries out the necessary work, when it expands in the 
pneumatic motor 15 or 16 to drive the machine to be 
13 driven, thus completing the power transmission. The 
discharged air from said motor has a relatively higher 
temperature, resulting from the main feature of the pres- 
ent system, which operates with a relatively lower com- 
pression ratio of the main compressors with a lower tem- 
20 perature drop during the adiabatic expansion. The rela- 
tively hot discharged air is then cooled in the intercooler 
It and thus cooled air to a substantial degree is thence 
supplied through inlet valves 11 into the main compres- 
sor cylinders 10 to initiate again the abovementioned 
25 cycle and so on. 

Now assuming that the efficiency of the free piston 
type diesel engine be 35%. that of the main compressors 
90% and that of the pneumatic motor of the reciprocat- 
ing type 90%. the overall efficiency will substantially 
30 amount to: 

■>-p . ouo 

0 UX'1.9 < r = 0.339 

wherein the quotient represents an increase in efficiency 
obtained by the provision of said air heater, the tempera- 
tures of the air being assumed 100 and 200° C. at the in- 
let and the outlet, respectively. This value is somewhat 
higher than that found in the normal diesel cng.'t.c. 
The overall efficiency will be somewhat decreased, when 
a turbo-type pneumatic motor is employed. 

Although certain particular embodiments of the inven- 
tion arc herein disclosed for purpose of explanation. f> 
thcr modifications thereof, after study of this specifica- 
tion, will be apparent to those skilled in the art to which 
the invention pertains. Reference should accordingly be 
had to the appended claims in determining the scope of 
the invention. 

What is c'nimed as new and desired to be secured by 
Letters Patent is: 

A pneumatic power transmission system using com- 
pressed air recirculating in a closed circuit; comprising 
a free piston type diesel engine having a main cylinder, 
a compressor cylinder surrounding said main cylinder, a 
pair of opposed free pistons in said main cylinder, .air 
compressor pistons fixed to said free pistons and bcirr; 
disposed in said compressor cylinder, means dividing the 
space between said main cylinder and said compressor 
cylinder to form compressor chambers at the ends of 
said compressor cylinder and scavenging air chambers 
about said main cylinder, scavenging air ports for con- 
necting said scavenging air chambers with the interior 
of said cylinder, the air compressor pistons serving as 
main compressors delivering the compressed air as trans- 
mission medium and the free pistons being employed for 
producing scavenging air necessary for said engine, c.r, 
air heater to heat the compressed air delivered from said 
main compressors by the exhaust gases discharged from 
said engine, a high pressure air reservoir, a r - -umattc 
motor operatively connected with the member to La 
driven, said high pressure reservoir accumulating the air 
in the high pressure air circuit between said main com- 
pressors and said pneumatic motor and said motor be- 
ing driven by the air in the last mentioned circuit, inter- 
cooler means arranged in the low pressure air circuit be- 
tween said pneumatic motor and said main compressors, 
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And a low pressure air reservoir arranged in the last 
mentioned low pressure circuit when necessary, said low 
pressure air reservoir accumulating the air in the low 
pressure air circuit, 

S 

References Cited in the file of this patent 
UNITED STATES PATENTS 

832,653 Bronder Oct 9, 1906 

910,237 Schmick Jan. 19, 1909 10 


8 


965,285 

Dunlop 

. July 26, 1910 

1,380,795 

Graziano et al. 

__ June 7, 1921 

1.887,633 

Geiger 

. Nov. 15. 1932 

1,920,104 

Pateras Pescara 

. July 25, 1933 

2,202,298 

Park 

May 28, 1940 

2,581,600 

Pateras Pescara 

.. Jan. 3, 1952 


FOREIGN PATENTS 


316,679 

Great Britain 

.. Aug. 2, 1929 



US005957234A 


169 


United States Patent [19] 

Manor 


[ii] Patent Number: 5,957,234 

[45] Date of Patent: Sep. 28, 1999 


[54] COMPRESSED AIR POWERED MOTOR 
VEHICLE 

[76] Inventor: Robert T. Manor, Box 27 N. St., 
Salamonia, Ind. 47381 

[21] Appl. No.: 09/048,515 

[22] Filed: Mar. 26, 1998 

[51] Int. Cl. 6 B60K 9/00 

[52 1 U.S. Cl 180/302; 60/412 

[58] Field of Search 180/305, 306, 

180/307, 308, 302, 301; 60/712, 715, 719, 
407, 412; 123/198 C 

[56] References Cited 

U.S. PATENT DOCUMENTS 


999,590 8/1911 Priestly . 

3,688,859 9/1972 Hudspeth et al 180/66 B 

3,847,058 11/1974 Manor 91/413 

3,980,152 9/1976 Manor 180/66 B 

4,798,053 1/1989 Chang 180/302 

5,167,292 12/1992 Moiroux el al 180/302 


Primary Examiner — Richard M. Camby 
Attorney, Agent, or Firm — Taylor & Associates, PC. 


[57] ABSTRACT 

A compressed air powered motor vehicle includes an engine 
having an intake and an exhaust pipe. The engine is con- 
figured for operating on compressed air received in the 
intake and expelling exhaust air through the exhaust pipe. A 
compressed air storage container is in fluid communication 
with the intake of the engine. At least one compression 
mechanism is in fluid communication with the exhaust pipe 
of the engine and with the compressed air storage container. 
The at least one compression mechanism is configured for 
compressing the exhaust air and replenishing the com- 
pressed air storage container. Each compression mechanism 
includes a reciprocable connecting rod having a direction of 
travel. A rocker arm has a first end, a second end and a pivot 
point disposed between the first end and the second end. The 
first end of the rocker arm is attached to the connecting rod. 
The rocker arm is configured for pivotal oscillation about the 
pivot point, thereby reciprocating the rod within the com- 
pression mechanism. A bracket interconnects the second end 
of the rocker arm and the cylinder. The bracket carries the 
cylinder and moves the cylinder in a direction opposite to the 
direction of travel of the rod. A stabilizing bar is oriented 
substantially parallel to the rod and is configured for slidably 
carrying the bracket. 

14 Claims, 2 Drawing Sheets 
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COMPRESSED AIR POWERED MOTOR 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to vehicles, and, more 
particularly, to a vehicle that operates from gaseous fluid 
such as air under pressure. 

2. Description of the Related Art 

An air powered vehicle, having a chassis and wheels, 
includes an air powered engine mounted on the chassis and 
having a driving connection with the wheels. A reservoir of 
gaseous fluid under pressure is connected to an intake 
system for operating the engine. The air powered engine also 
includes an exhaust system for expelling still partially 
compressed exhaust air. Such air powered vehicles are 
disclosed in U.S. Pat. No. 3,847,058 (Manor) and U.S. Pat. 
No. 3,980,152 (Manor). 

It is known to recompress exhaust air from an air powered 
engine using a battery operated compressor and return the 
recompressed air to an air storage tank. A problem is that a 
conventional 12 volt battery is capable of storing only a very 
limited amount of power. Although it is possible to recharge 
the battery using energy from the engine, such recharging 
involves substantial energy losses and is generally ineffi- 
cient. Using a great number of batteries to power the 
compressor is also not practical, as the batteries are expen- 
sive and heavy, thereby reducing the overall cificicncy of the 
vehicle. 

It is also known to use the relative vertical motion 
between the chassis and the axle or wheels to recompress the 
exhaust air using a second type of compressor which is 
designed to be driven by the vertical motions of the vehicle. 
A problem is that the additional expense and weight of this 
second type of air compression system may not be justified, 
as the energy recoverable from the vertical motions of the 
vehicle may be very limited, especially on smooth roads. 

What is needed in the art is an air powered vehicle in 
which exhaust air is recompressed using a compression 
mechanism driven directly by the air powered engine. 

SUMMARY OF THE INVENTION 

The present invention provides a compressed air powered 
motor vehicle including an engine which directly drives a 
compression mechanism for recompressing exhaust air and 
returning it to a compressed air storage container. 

The invention comprises, in one form thereof, a com- 
pressed air powered motor vehicle including an engine 
having an intake and an exhaust pipe. The engine is con- 
figured for operating on compressed air received in the 
intake and expelling exhaust air through the exhaust pipe. A 
compressed air storage container is in fluid communication 
with the intake of the engine. At least one compression 
mechanism is in fluid communication with the exhaust pipe 
of the engine and with the compressed air storage container. 
The at least one compression mechanism is configured for 
compressing the exhaust air and replenishing the com- 
pressed air storage container. Each compression mechanism 
includes a reciprocable connecting rod having a direction of 
travel. A rocker arm has a first end, a second end and a pivot 
point disposed between the first end and the second end. The 
first end of the rocker arm is attached to the connecting rod. 
The rocker arm is configured for pivotal oscillation about the 
pivot point, thereby reciprocating the rod within the com- 
pression mechanism. A bracket interconnects the second end 
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of the rocker arm and the cylinder. The bracket carries the 
cylinder and moves the cylinder in a direction opposite to the 
direction of travel of the rod. A stabilizing bar is oriented 
substantially parallel to the rod and is configured for slidably 
5 carrying the bracket. 

An advantage of the present invention is that the output of 
the engine can be used to directly drive an air compression 
mechanism, thereby maximizing the overall efficiency of the 
vehicle. 

10 Another advantage is that batteries are not needed to 
recompress the exhaust air of the engine. 

Yet another advantage is that exhaust air may be recom- 
pressed under any road conditions. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and advantages 
of this invention, and the manner of attaining them, will 
become more apparent and the invention will be better 
20 understood by reference to the following description of 
embodiments of the invention taken in conjunction with the 
accompanying drawings, wherein: 

FIG. 1 is a schematic diagram of one embodiment of a 
compressed air powered motor vehicle of the present inven- 
25 tion; and 

FIG. 2 is a schematic diagram of another embodiment of 
the compression mechanism of the compressed air powered 
motor vehicle of FIG. 1. 

Corresponding reference characters indicate correspond- 
ing parts throughout the several views. The exemplifications 
set out herein illustrate one preferred embodiment of the 
invention, in one form, and such exemplifications are not to 
be construed as limiting the scope of the invention in any 

manner. 

35 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings and particularly to FIG. 1, 
40 there is shown a compressed air powered motor vehicle 10 
including a compressed air powered engine 12, a com- 
pressed air storage container 14 and an air compression 
mechanism 16. 

Engine 12 is powered by compressed air received from 
45 storage container 14 through an intake 18. Engine 12 con- 
verts the energy of the compressed air into a rotation of an 
output shaft 20. The operation of such an air powered engine 
is well known and is not discussed in detail herein. Exhaust 
air, which may be partially compressed as compared to 
50 ambient air, is expelled through an exhaust pipe 22. 

Air storage tank 14 feeds compressed air into intake 18 of 
engine 12 through an outlet 24, regulated by a valve 26. 
Storage tank 14 receives recompressed air through an inlet 
28. Storage tank 14 is of a strength so as to contain air at 
55 approximately 30 to 500 p.s.i. 

Air compression mechanism 16 includes, as shown in 
FIG. 1, a left-hand cylinder 30 and a right-hand cylinder31. 
The two cylinders arc substantially identical, and hence only 
the left-hand cylinder 30 is referred to in detail herein. 
60 Cylinder 30 is substantially hollow and has two opposite 
ends 32 and 34. End 32 has an inlet 36 and an outlet 38, and 
end 34 has an inlet 40 and an outlet 42. Each of inlets 36 and 
40 is in fluid communication with exhaust pipe 22 through 
a respective one-way check valve 44. Each check valve 44 
65 allows passage of the exhaust air into cylinder 30 while 
preventing passage of the exhaust air out of cylinder 30. 
Similarly, each of outlets 38 and 42 is in fluid communica- 
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tion with inlet 28 through a respective one-way check valve cylinder 30. As end 68 pivots downwardly, opposite end 66 
46. Each check valve allows passage of compressed air out pivots upwardly, pulling the left-hand rod 58 and piston 52 

of cylinder 30 while preventing passage of the compressed upwardly with it. The connecting bar 96 that is attached to 

air into cylinder 30. A one-way check valve 47 allows the left-side bracket 88 , on the other hand, follows the 


passage of ambient air into check valves 44 in case an 
adequate supply of air is not available from exhaust pipe 22 . 

Cylinder 30 includes a first chamber 48 and a second 
chamber 50 separated by a piston 52. Piston 52 forms a 
substantially airtight seal between first chamber 48 and 
second chamber 50. First chamber 48 is in fluid communi- 
cation with inlet 36 and outlet 38, while second chamber 50 
is in fluid communication with inlet 40 and outlet 42. Piston 
52 is slidable along a portion of the length of cylinder 30, 
and maintains, even while sliding, the substantially airtight 
seal between chambers 48 and 50. A first side 54 of piston 
52 is attached to a first end 56 of a connecting rod 58 which 
extends axially from cylinder 30. Rod 58 is slidable through 
an orifice 60 in first end 32 of cylinder 30, forming a 
substantially airtight seal therewith. A second end 62 of rod 
58 remains disposed outside of cylinder 30. A rocker arm 64 
has two opposite ends 66 and 68 , each of which is pivotally 
connected to a second end 62 of a respective rod 58 through 
a respective pivot 70. Ends 66 and 68 of rocker arm 64 are 
separated by a pivot point 72 about which rocker arm 64 
may pivot, as indicated by arrows 74. Pivot point 72 can be 
in the form of a pillow block bearing. A respective suspen- 
sion spring 76 supports each of ends 66 and 68 of rocker arm 
64. One end 78 of each suspension spring 76 is attached to 
rocker arm 64, while a second end 80 of suspension spring 
76 is attached to a fixed structure 82. Fixed structure 82 is 
shown as being supported by an axle 83. 

A non-circular, substantially oval cam 84 is coupled to 
end 66 of rocker arm 64. End 66 is biased against an outside 
surface 86 of cam 84 by the attached spring 76 as well as the 
weight of rocker arm 64. Cam 84 is carried and driven by 
crank shaft 20 of engine 12 . 

Each of two brackets 88 interconnects a respective cyl- 
inder 30 with a respective opposite end of rocker arm 64. For 
instance, the left-hand bracket 88 of FIG. 1 interconnects a 
cylinder 30 to end 68 of rocker arm 64, end 68 being 
opposite from end 66 of rocker arm 64, to which a cylinder 
30 is connected through a rod 58. Brackets 88 each include 
two arms 90 (only one of which can be seen in FIG. 1) which 
are rigidly attached to cylinder 30 and enable bracket 88 to 
movably carry cylinder 30. 

Two elongate stabilizer bars 92 are each oriented substan- 
tially parallel to a corresponding rod 58, and each stabilizer 
bar 92 slidably carries a respective bracket 88 . Each stabi- 
lizer bar 92 is pivotably attached to rocker arm 64. Each 
bracket 88 includes a body 94 which substantially encloses 
an associated stabilizer bar 92. It is also possible to provide 
two helical springs (not shown) surrounding and concentric 
with each stabilizer bar 92, an end of each spring contacting 
an opposite end of body 94. The springs can be held fixed on 
their respective opposite outside ends, thereby spring- 
loading each body 94 for smoother sliding movement. Each 
of two connecting bars 96 has opposite ends 98 and 100 
which are pivotally connected to a bracket body 94 and an 
end of rocker arm 64 opposite thereto, respectively. 

During use, engine 12 rotates cam 84 through output shaft 
20. As cam 84 rotates, end 66 of rocker arm 64 rides on the 
substantially oval outside surface 86 of cam 84. Rocker arm 
64 pivotally oscillates about pivot point 72 as end 66 follows 
surface 86 of rotating cam 84. The pivotal oscillation of 
rocker arm 64 causes rod 58 and piston 52 to reciprocate 
back and forth, piston 52 oscillating up and down within 


5 downward movement of end 68 and carries its bracket 88 
and the corresponding cylinder 30 downward, opposite to 
the direction of travel of its piston 52. Conversely, as end 66 
pivots downwardly and pushes left-hand rod 58 and piston 
52 down with it, oppositely pivoting end 68 pulls left-side 
jq bracket 88 and cylinder 30 upwardly, again opposite to the 
direction of the corresponding piston 52. Stabilizer bars 92 
guide and confine the movement of brackets 88 and cylin- 
ders 30, keeping the movement of cylinder 30 substantially 
parallel to its rod 58. 

15 As piston 52 moves upwardly with respect to its associ- 
ated cylinder 30, air within first chamber 48 is compressed. 
When the air pressure within first chamber 48 is greater than 
the air pressure within storage tank 14, check valve 46 
within outlet 38 opens and allows the compressed air to be 
20 transferred to storage tank 14. Conversely, as piston 52 
moves upwardly, a negative air pressure or vacuum is drawn 
on second chamber 50, which results in exhaust air being 
drawn from exhaust pipe 22 through check valve 44 of inlet 
40. When piston 52 again moves downwardly with respect 
25 to cylinder 30, the air which was previously drawn into 
second chamber 50 is compressed by piston 52 and pushed 
out of outlet 42 through check valve 46 to replenish air 
storage tank 14. During this downward movement of piston 
52, exhaust air is drawn into first chamber 48, substantially 
3 0 identically to the way exhaust air was drawn into second 
chamber 50 as described above. When the air pressure at 
exhaust pipe 22 exceeds the air pressure within first chamber 
48, check valve 44 of inlet 36 opens and allows exhaust air 
to flow into chamber 48. In this way, compressed air is 
35 expelled through outlet 38 on an upstroke, and is expelled 
through outlet 42 on a downstroke. 

In an alternative embodiment (FIG. 2), an air compression 
mechanism 102 includes a spring lock mechanism 104 
which holds end 105 of rocker arm 107 stationary in the 
40 event that cam 109 becomes stationary. Spring lock mecha- 
nism 104 includes a latch 106 connected to fixed structure 
111 by an elongate element 108. A locking spring 110 
interconnects latch 106 and end 105 of rocker arm 107 and 
biases latch 106 against outside surface 113 of cam 109. 
45 Latch 106 includes a bottom side 112 which engages a top 
side 114 of rocker arm end 105 when a longitudinal exten- 
sion 116 of cam 109 is substantially perpendicular to rocker 
arm 107. Rocker arm end 105 is thereby clamped between 
bottom side 112 of latch 106 and cam 109. With no other 
50 forces being applied to cam 109, the bias of locking spring 
110 is sufficient to pull elongate element 108 against cam 
109, thereby holding cam 109 substantially stationary such 
that its longitudinal extension 116 remains substantially 
perpendicular to rocker arm 107. In this embodiment, a pivot 
55 point 118 can be detachable so that rocker arm end 105 can 
function as a pivot point about which rocker arm 107 may 
oscillate. Alternatively, pivot point 118 may be attached to 
another spring (not shown) such that pivot point 118 may 
have some vertical movement, allowing end 105 to function 
60 as a pivot point for rocker arm 107. 

During use, it is possible for cam 109 to no longer be 
driven by engine 12, e.g., while vehicle 10 is coasting and 
engine 12 is turned off. In this scenario, the bias of locking 
spring 110 will pull latch 106 against both end 105 and cam 
65 109, thereby locking longitudinal extension 116 of cam 109 
substantially perpendicular to rocker arm 107 and clamping 
rocker arm end 105 between bottom side 112 of latch 106 
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and outside surface 113 of cam 109. Road anomalies and the 
resultant up and down movement of vehicle 10 will cause 
the free end 120 of rocker arm 107 to oscillate and pivot 
about the now pivotal end 105 under the stabilizing influ- 
ence of springs 122. The oscillation of rocker arm 107 
causes piston 124 to reciprocate within cylinder 126, thereby 
compressing air as described above in the previous embodi- 
ment. When cam 109 is again driven by engine 12, the bias 
of locking spring 110 is overcome. Cam 109 again begins to 
rotate and pushes rocker arm end 105 in the same pivotal 
oscillation as described above. When longitudinal extension 
116 of cam 109 is substantially parallel to rocker arm 107, 
latch 106 is pushed away from rocker arm end 105 so that 
the two are no longer in contact. 

It is possible in either of the embodiments of FIGS. 1 and 
2 for the cam to be driven by an energy source other than 
engine 12, such as an electrically driven motor (not shown). 
In this case too, spring lock mechanism 104 can be used to 
hold rocker arm end 105 stationary when the alternative 
force that drives cam 109 is disabled. 

While this invention has been described as having a 
preferred design, the present invention can be further modi- 
fied within the spirit and scope of this disclosure. This 
application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general 
principles. Further, this application is intended to cover such 
departures from the present disclosure as come within 
known or customary practice in the art to which this inven- 
tion pertains and which fall within the limits of the appended 
claims. 

What is claimed is: 

1. A compressed air powered motor vehicle, comprising: 

an engine including an intake and an exhaust pipe, said 
engine being configured for operating on compressed 
air received in said intake and expelling exhaust air 
through said exhaust pipe; 

a compressed air storage container in fluid communica- 
tion with said intake of said engine; 

at least one compression mechanism configured for com- 
pressing the exhaust air, each said compression mecha- 
nism including: 

a substantially hollow cylinder having at least two 
inlets in fluid communication with said exhaust pipe 
of said engine, each said inlet including a first check 
valve allowing passage of the exhaust air into said 
cylinder while preventing passage of the exhaust air 
out of said cylinder, said cylinder also having at least 
two outlets in fluid communication with said com- 
pressed air storage container, each said outlet includ- 
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end, said first end of said rocker arm being attached to 
said second end of said rod of a first said compression 
mechanism, said rocker arm being configured for piv- 
otal oscillation about said pivot point, thereby recipro- 

5 eating said rod and said piston within said cylinder; and 

a cam coupled with one of said first end and said second 
end of said rocker arm, said cam being configured for 
pivotal oscillation of said rocker arm. 

2 . The compressed air powered motor vehicle of claim 1, 

10 wherein said piston has a direction of travel, said motor 
vehicle further comprising a bracket interconnecting said 
second end of said rocker arm and said cylinder of a first said 
compression mechanism, said bracket carrying said cylinder 
and moving said cylinder in a direction opposite to said 
direction of travel of said piston. 

15 3. The compressed air powered motor vehicle of claim 2, 

further comprising a stabilizer bar oriented substantially 
parallel to said rod, said stabilizer bar slidably carrying said 
bracket. 

4. The compressed air powered motor vehicle of claim 1, 

20 further comprising a fixed structure and at least one suspen- 
sion spring having two opposite ends, a first said end of each 
said suspension spring being attached to a respective said 
end of said rocker arm, a second said end of each said 
suspension spring being attached to said fixed structure, said 

25 at least one suspension spring being configured for limiting 
said pivotal oscillation of said rocker arm. 

5. The compressed air powered motor vehicle of claim 1, 
wherein each said chamber is associated with a single 
respective said inlet and a single respective said outlet. 

30 6. The compressed air powered motor vehicle of claim 1, 

wherein said air powered engine includes an output shaft 
driving said cam. 

7. The compressed air powered motor vehicle of claim 1, 
wherein said at least one compression mechanism is con- 

35 figured for expelling the compressed air through at least one 
of said outlets on each of an upstroke and a downstroke. 

8. The compressed air powered motor vehicle of claim 1, 
wherein said cam is coupled with said second end of said 
rocker arm, said compressed air powered motor vehicle 

40 further comprising a spring lock mechanism configured for 
holding stationary said second end of said rocker arm when 
said cam is stationary. 

9. The compressed air powered motor vehicle of claim 8, 
further comprising a fixed structure, and wherein said spring 

45 lock mechanism includes a latch attached to said fixed 
structure and configured for engaging said second end of 
said rocker arm, said spring lock mechanism also including 
a resilient device configured for biasing said latch against 
said second end of said rocker arm. 


ing a second check valve allowing passage of the 50 
compressed air out of said cylinder while preventing 
passage of the compressed air into said cylinder; 
a piston slidably disposed within said cylinder, said 
piston forming a substantially airtight seal with said 
cylinder, said piston having a first side and a second 55 
side, said cylinder and said first side of said piston 
defining a first chamber, said cylinder and said 
second side of said piston defining a second 
chamber, each said chamber being associated with at 
least one said inlet and at least one said outlet; and 60 
a rod extending axially from said cylinder, said rod 
having a first end attached to said first side of said 
piston and a second end disposed outside said 
cylinder, said rod being slidable relative to said 
cylinder; 65 


10. The compressed air powered motor vehicle of claim 9, 
wherein said resilient device comprises a locking spring 
interconnecting said latch and said second end of said rocker 
arm. 

11. Ihe compressed air powered motor vehicle of claim 9, 
wherein said cam has a longitudinal extension, said latch 
engaging said second end of said rocker arm when said 
longitudinal extension of said cam is oriented substantially 
perpendicular to said rocker arm, said cam being configured 
for biasing said latch away from said second end of said 
rocker arm when said longitudinal extension of said cam is 
oriented substantially parallel to said rocker arm. 

12. The compressed air powered motor vehicle of claim 1, 
wherein said second end of said rocker arm is attached to 
said second end of said rod of a second said compression 
mechanism. 


a rocker arm having a first end, a second end and a pivot 13. Idle compressed air powered motor vehicle of claim 1, 

point disposed between said first end and said second further comprising a third check valve in fluid communica- 
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tion with said at least two inlets of said cylinder, said third 
check valve allowing passage of air from an ambient envi- 
ronment into said at least two inlets while preventing 
passage of air from said at least two inlets into said ambient 
environment. 

14. A compressed air powered motor vehicle, comprising: 
an engine including an intake and an exhaust pipe, said 
engine being configured for operating on compressed 
air received in said intake and expelling exhaust air 
through said exhaust pipe; 

a compressed air storage container in fluid communica- 
tion with said intake of said engine; 
at least one compression mechanism in fluid communi- 
cation with said exhaust pipe of said engine and with 
said compressed air storage container, said at least one 
compression mechanism being configured for com- 
pressing the exhaust air and replenishing said com- 
pressed air storage container, each said compression 


8 

mechanism including a reciprocable connecting rod 
having a direction of travel; 

a rocker arm having a first end, a second end and a pivot 
point disposed between said first end and said second 
end, said first end of said rocker arm being attached to 
said connecting rod, said rocker arm being configured 
for pivotal oscillation about said pivot point, thereby 
reciprocating said rod within said compression mecha- 
nism; 

a bracket interconnecting said second end of said rocker 
arm and said cylinder, said bracket carrying said cyl- 
inder and moving said cylinder in a direction opposite 
to said direction of travel of said rod; and 
a stabilizing bar oriented substantially parallel to said rod, 
said stabilizing bar being configured for slidably car- 
rying said bracket. 



